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(54) MULTILAYERED PHOTOELECTRON SUBSTRATE WITH ELECTRICAL 
INTERCOUPLING AND OPTICAL INTERCOUPLING, AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce losses in optical 
connections and to innprove optical coupling efficiency by 
forming a polymer waveguide integrally with an optical 
switch and a light receiving element. 
SOLUTION: An intercoupling substrate 10 includes both 
inter-chip connections and intra-chip connections for 
signals from one or more IC chips 1a to Id using both 
optical links and electrical paths. The substrate 10 
includes a base substrate 12 and an activated layer 20. 
The layer 20 includes optical waveguides 24a to 24b, 
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photoelectron switching devices 26a to 26c, light receiving devices 28a to 28c, electrical paths 
30, and electrical connection pads 32 for the chips 1. The waveguides 24 and the devices 26 
and 28 are preferably embedded in the layer 20. Signals between chips are electrically 
propagated through the paths 30, or optically propagated through the waveguides 24. When a 
signal is propagated through a waveguide 24 by means of light, the devices 26 and 28 
perform a conversion between an optical representation and an electrical representation of 
the signal. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st layer by which polymer waveguide is formed in inside, and the 2nd layer by which 
polymer waveguide is formed in inside, The 1 st vertical mold light coupler which was formed in the 
layer of the above 1st and was optically combined with the 1st waveguide in the layer of the above 1st, 
So that it may be formed in the layer of the above 2nd and Ught may be combined between the 1st 
waveguide of the above, and the 2nd waveguide of the above including the 2nd vertical mold light 
coupler optically combined with the 2nd waveguide in the layer of the above 2nd The vertical mold light 
coupler of the above 1st is a substrate possessing the optical link and electric link which are 
characterized by being arranged next to the vertical mold light coupler of the above 2nd. 
[Claim 2] The substrate possessing the optical link and electric link which are characterized by 
laminating mutually so that polymer waveguide may have the polymer layer of at least one layer 
currently formed in inside, and the polymer layer of at least one layer in which two or more 
photoelectron devices are formed in one and the above-mentioned layer may form a laminated structure. 
[Claim 3] The substrate possessing the optical link and electric link which are characterized by 
laminating mutually so that it may have the polymer layer of at least one layer in which two or more 
electronic integrated-circuit devices are formed, and the polymer layer of at least one layer in which two 
or more photoelectron devices are formed in one and the above-mentioned layer may form a laminated 
structure. 

[Claim 4] The substrate possessing the optical link and electric link which are characterized by 
laminating mutually so that it may have two or more polymer layers in which two or more electronic 
integrated-circuit devices are formed and the above-mentioned layer may form a laminated structure. 
[Claim 5] It is the substrate which has the 1st board possessing the micro lens prepared in the output of 
the optical switch device of the vertical sense, and the above-mentioned optical switch device, and the 
2nd board possessing the micro lens prepared in the input of the photo detector device of the vertical 
sense, and the above-mentioned photo detector device, and is characterized by for corresponding switch 
devices and photo detector devices to counter like together, and to arrange the 1st board of the above, 
and the 2nd board of the above. 

[Claim 6] The 1st photoelectron multi chip module possessing the bottom membrane layer by which at 
least one waveguide was prepared in the top face and Ust which mount a chip in order to combine a 
lightwave signal with the interior and the exterior, The 2nd photoelectron multi chip module possessing 
the bottom membrane layer by which at least one waveguide was prepared in the top face and list which 
mount a chip in order to combine a lightwave signal with the interior and the exterior, It is arranged near 
the underside of the photoelectron multi chip module of the above 1st, and the photoelectron multi chip 
module of the above 2nd. The optical link system which communicates information among two or more 
chips characterized by having the passive film possessing the optical waveguide layer which combines a 
lightwave signal between the above 1st and the 2nd photoelectron muhi chip module of at least one 
layer. 

[Claim 7] The substrate possessing passive polymer waveguide, the substrate with which the electronic 
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light corpuscle child was embedded on the polymer film, At least one substrate separately chosen from 
the group which consists of a substrate with which the electric element was embedded, and a substrate 
possessing passive PARIMA waveguide, the embedded electric element, and the embedded electronic 
light corpuscle child, the above — with an optical waveguide means to make a lightwave signal spread 
within one substrate even if few the above - a source means of a lightwave signal to generate a 
lightwave signal within one substrate even if few, and the above — the electronic light module which 
communicates a lightwave signal between at least two electrical circuit terminals characterized by 
having a photodetection means to detect a lightwave signal within one substrate even if few. 
[Claim 8] The substrate possessing passive polymer waveguide, the substrate with which the electronic 
light corpuscle child was embedded on the polymer film, At least one substrate separately chosen from 
the group which consists of a substrate with which the electric element was embedded, and a substrate 
possessing passive PARIMA waveguide, the embedded electric element, and the embedded electronic 
light corpuscle child, the above with an optical waveguide means to make a lightwave signal spread 
within one substrate even if few the above — the above which switches the optical power or the 
lightwave signal in one substrate even if few - the electronic light module which communicates a 
lightwave signal between at least two electrical circuit terminals characterized by having an optical 
switch means in one substrate even if few. 

[Claim 9] The manufacture approach of the substrate characterized by having the process which 
laminates the above-mentioned layer in one so that the process which manufactures independently the 
waveguide road layer by which at least one electric beer was formed in inside, an integrated-circuit-chip 
layer, and a photoelectron layer, and at least one electrical installation may be performed between two 
different layers and step may be kept with the photoelectron device of a layer with which the edge of the 
waveguide of one layer adjoined. 

[Claim 10] At least one side face established between the base layer which has a top face and an 
underside, and a top face, an underside, the above-mentioned top face and the above-mentioned 
underside, The photoelectricity device with which it has the 1st electric terminal and the 2nd electric 
terminal, and at least one side in the above-mentioned electric terminal is prepared in the above- 
mentioned top face, The substrate which has the optical link and electric link which are characterized by 
including the optical waveguide core which has the edge which it is formed in the above-mentioned top 
face of the above-mentioned base layer, and carries out termination in contact with the side face of the 
above-mentioned photoelectricity device. 

[Claim 11] The substrate containing two or more VCSEL components embedded at the 1st polymer 
layer and above-mentioned polymer layer, and two or more photo detectors embedded at the above- 
mentioned polymer layer. 

[Claim 12] An electronic light substrate including two or more optical couplers which have the 1st field, 

and the 1st field of the above and the 2nd field which countered, are arranged in the polymer substrate 
with which waveguide is formed in inside in one, and the above-mentioned substrate, and combine a 
lightwave signal between the 1st field of the above and the 2nd field of the above, and the above- 
mentioned waveguide, and the Bahia connection prepared in the above-mentioned substrate. 
[Claim 13] (a) The process which forms the layer of the charge of a clad plate, and the process which 
arranges and pastes up the mini chip containing some (b) photoelectron devices [ at least ] on the layer 
of the above-mentioned charge of a clad plate, (c) The process which forms the layer of core materials 
after the layer of the above-mentioned charge of a clad plate, and the above-mentioned mini-chip so that 
core materials may paste the above-mentioned mini-chip, (d) The manufacture approach including the 
process which forms the waveguide which carries out termination within the above-mentioned mini-chip 
in the above-mentioned core materials, and the process which forms the layer of the charge of a clad 
plate on the (e) front face of a substrate. 

[Claim 14] (a) The manufacture approach of the waveguide including the process which forms the layer 
of the charge of a clad plate, the process which form the layer of core materials on the layer of the 
charge of the (b) above-mentioned clad plate, the process which form optical waveguide in the layer of 
the (c) above-mentioned core materials, the process which form the layer of the charge of a clad plate on 
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the (d) front face, and the process which grind the above-mentioned charge of a clad plate in order to 
carry out flattening of the (e) above-mentioned front face more for substrates. 
[Claim 15] (a) The process on which the 1st substrate is made to deposit a polymer bottom cladding 
layer, and the process which makes (b) polymer core layer deposit on the above-mentioned bottom 
cladding layer, (c) The process which makes a mask layer deposit on the front face of the above- 
mentioned core layer, and the process which carries out patterning of the above-mentioned mask layer in 
order to form (d) aperture, (e) The process which forms at least one trench which has the side attachment 
wall with which at least one side attachment wall inclines with the tilt angle of 45 degrees in the above- 
mentioned aperture, (f) The process which removes the above-mentioned mask layer, and some above- 
mentioned side attachment walls [ at least ] which inclined at (g)45 degree The process which metalizes 
a part with the flat bottom of the above-mentioned trench, and by etching a substrate caudad to the 
height of the metal layer of a part with the flat bottom of the (h) above-mentioned trench So that (i) 
VCSEL beam may be combined with the process which removes some substrates in the field in which 
VCSEL should be inserted by the above-mentioned core layer and the electric contact layer of VCSEL 
may contact a part of above-mentioned metal layer of the bottom of the above-mentioned trench The 
manufacture approach of a photoelectron substrate including the process which turns the luminescence 
aperture of VCSEL to the above-mentioned metal layer bottom, and arranges VCSEL, and the process 
which joins Above VCSEL to the above-mentioned metal layer so that (j) metal side may give the 
electric contact to Above VCSEL. 

[Claim 16] (a) The process which installs a dismountable substrate, and the process which makes (b) 
metal layer deposit on the front face of the above-mentioned substrate, (c) The process which carries out 
patteming of the above-mentioned metal layer to a contact pad and an electrode, (d) In order to form the 
process arranged to the contact pad which deposited the metal contact side of a thin film device, the 
process which joins the (e) above-mentioned thin film device to the above-mentioned metal contact side, 
and (f) composition composite-construction object, The process which covers the above-mentioned thin 
film device with the polymer layer of one or more layers, and the process which grinds the (g) above- 
mentioned composite-construction object, (h) - the process which forms a surface contact on the above- 
mentioned composite-construction object by which flattening was carried out, and (i) above — the 
manufacture approach of the photoelectron device embedded on the polymer film including the process 
which removes a dismountable substrate. 

[Claim 17] (a) The process which installs the 1st substrate, and the process which forms (b) 
adhesiveness buffer layer in the front face of the 1st substrate of the above, (c) In order to form the 
process which attaches in the above-mentioned buffer layer the underside of two or more thin film 
devices which have an underside and a top face, and the composite-construction object which has the 
underside and top face which are attached in the (d) above-mentioned buffer layer. The process which 
covers the above-mentioned thin film device with the polymer layer of one or more layers, and the 
process which grinds the (e) above-mentioned composite-construction object, (f) The process which 
forms at least one up electrode in at least one thin film device, and forms at least one surface contact in 
the top face of the composite-construction object by which polish was carried out [ above-mentioned ], 
(g) The process which attaches the 2nd substrate in the top face which the above-mentioned composite- 
construction object exposed, (h) - the process which removes the 1st substrate of the above, and (i) - at 
least one electrode ~ the above — the manufacture approach of the photoelectron device embedded on 
the polymer film including the process which forms in the underside of one thin film device even if few, 
and forms at least one surface contact in the underside of the above-mentioned composite-construction 
object. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach for manufacturing this electronic system 
in the photoelectron (optoelectronics) substrate and list which are used in order to connect digital ones 
and/or analog electronic system, especially this invention relates to the manufacture approach at the 
optoelectronics substrate and Ust which have both an electric (target) link and an optical (study — like) 
link. 

[0002] Moreover, this invention is applied to MCM (multi chip module) etc. 
[0003] 

[Description of the Prior Art] With the increment in the clock rate of the processing system mounted on 
the link substrate, and the I/O number of counts, the problem of the connection length in such a link 
bottleneck of a processing system, a noise, signal attenuation, and electrical connection who can be 
synchronized arises. There is an advantage of the high admissibiUty over low RC delay, low signal 
attenuation, the delay that can be predicted, low power, a low noise, opening, and a short circuit in an 
optical link. However, there is a serious failure which prevents using an optical link with high-speed 
digital one / analogue system. In order to change conventionally between the lightwave signal in optical 
interconnect, and the electrical signal which is generated by the electronic chip and used, a huge driver 
chip and an amplifier tip are required. In order to make an electrical signal spread optically covering a 
long distance, a luminescence device and the driver chip made to generate the electric power which 
switches a luminescence device are needed at one edge of optical connection. In the receiving end of 
optical connection, in order that a photodetection device and amplifier may change a lightwave signal 
into an electric format, it is needed. The reason amplifier is needed is that optical power originates in the 
very large loss in the usual optical way, and becomes small by the photodetection device side. 
[0004] 

[Problem(s) to be Solved by the Invention] Since the components of a driver and an amplifier need a 
tooth space on the circuit board, in case much optical connection is used for them within a substrate like 
a multi chip module, they serve as an obstruction. An area required for an area required for these 
components and a list for a luminescence device and a photodetection device in practice makes size of a 
module substrate larger than a module substrate only including electrical connection. A manufacturing 
cost also raises these excessive components and those assemblies. Moreover, the usual optical 
connection originates in electronic-light (EO) conversion and photoelectron (OE) conversion, it has 
longer delay, and a significant rate-advantage is not acquired to the module which consisted of only 
electric modules. 

[0005] This invention aims at offer of the approach of manufacturing the optical connection structure 
and the optical connection which solve the trouble of the above-mentioned conventional technique. 
[0006] 

[Means for Solving the Problem] In order to attain the object of above-mentioned this invention, the 
substrate possessing the optical link and electric link by tiiis invention indicated by claim 1 The 1st layer 
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by which polymer waveguide is formed in inside, and the 2nd layer by which polymer waveguide is 
formed in inside, The 1st vertical mold light coupler which was formed in the layer of the above 1st and 
was optically combined with the 1st waveguide in the layer of the above 1st, So that it may be formed in 
the layer of the above 2nd and Ught may be combined between the 1st waveguide of the above, and the 
2nd waveguide of the above including the 2nd vertical mold light coupler optically combined with the 
2nd waveguide in the layer of the above 2nd The vertical mold light coupler of the above 1st is arranged 
next to the vertical mold light coupler of the above 2nd. 

[0007] Polymer waveguide has the polymer layer of at least one layer currently formed in inside, and the 
polymer layer of at least one layer in which two or more photoelectron devices are formed in one, and it 
laminates the substrate of each other possessing the optical link and electric link by this invention 
indicated by claim 2 so that the above-mentioned layer may form a laminated structure. The substrate 
possessing the optical link and electric link by this invention indicated by claim 3 has the polymer layer 
of at least one layer in which two or more electronic integrated-circuit devices are formed, and the 
polymer layer of at least one layer in which two or more photoelectron devices are formed in one, and it 
laminates each other so that the above-mentioned layer may form a laminated stmcture. 
[0008] The substrate possessing the optical link and electric link by this invention indicated by claim 4 
has two or more polymer layers in which two or more electronic integrated-circuit devices are formed, 
and it laminates each other so that the above-mentioned layer may form a laminated structure. The 
substrate by this invention indicated by claim 5 The optical switch device of the vertical sense. The 1st 
board possessing the micro lens prepared in the output of the above-mentioned optical switch device. It 
has the 2nd board possessing the photo detector device of the vertical sense, and the micro lens prepared 
in the input of the above-mentioned photo detector device, and corresponding switch devices and photo 
detector devices counter like together, and the 1st board of the above and the 2nd board of the above are 
arranged. 

[0009] The optical link system which communicates information among two or more chips twisted to 
this invention indicated by claim 6 The 1 st photoelectron multi chip module possessing the bottom 
membrane layer by which at least one waveguide was prepared in the top face and list which mount a 
chip in order to combine a lightwave signal with the interior and the exterior, The 2nd photoelectron 
multi chip module possessing the bottom membrane layer by which at least one waveguide was prepared 
in the top face and list which mount a chip in order to combine a lightwave signal with the interior and 
the exterior. It is arranged near the underside of the photoelectron multi chip module of the above 1st, 
and the photoelectron multi chip module of the above 2nd, and has the passive film possessing the 
optical waveguide layer which combines a lightwave signal between the above 1st and the 2nd 
photoelectron multi chip module of at least one layer. 

[0010] The electronic light module which communicates a lightwave signal between at least two 
electrical circuit terminals by this invention indicated by claim 7 The substrate possessing passive 
polymer waveguide, the substrate with which the electronic light corpuscle child was embedded on the 
polymer fihn. At least one substrate separately chosen from the group which consists of a substrate with 
which the electric element was embedded, and a substrate possessing passive PARIMA waveguide, the 
embedded electric element, and the embedded electronic light corpuscle child, the above — an optical 
waveguide means to make a lightwave signal spread within one substrate even if few, and the above — a 
source means of a lightwave signal to generate a lightwave signal within one substrate even if few, and 
the above — even if few, it has a photodetection means to detect a lightwave signal within one substrate. 
[001 1] The electronic light module which communicates a lightwave signal between at least two 
electrical circuit terminals by this invention indicated by claim 8 The substrate possessing passive 
polymer waveguide, the substrate with which the electronic Ught corpuscle child was embedded on the 
polymer film, At least one substrate separately chosen from the group which consists of a substrate with 
which the electric element was embedded, and a substrate possessing passive PARIMA waveguide, the 
embedded electric element, and the embedded electronic light corpuscle child, the above — an optical 
waveguide means to make a lightwave signal spread within one substrate even if few, and the above — 
the above which switches the optical power or the lightwave signal in one substrate even if few ~ even 
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if few, it has an optical switch means in one substrate. 

[0012] The manufacture approach of the substrate by this invention indicated by claim 9 The process 
which manufactures independently the waveguide road layer by which at least one electric beer was 
formed in inside, an integrated-circuit-chip layer, and a photoelectron layer, At least one electrical 
installation is performed between two different layers, and it has the process which laminates the above- 
mentioned layer in one so that step may be kept with the photoelectron device of a layer with which the 
edge of the waveguide of one layer adjoined. 

[0013] The substrate which has the optical link and electric link by this invention indicated by claim 10 
At least one side face established between the base layer which has a top face and an underside, and a 
top face, an underside, the above-mentioned top face and the above-mentioned underside, It has the 1st 
electric terminal and the 2nd electric terminal, and it is formed in the photoelectricity device with which 
at least one side in the above-mentioned electric terminal is prepared in the above-mentioned top face, 
and the above-mentioned top face of the above-mentioned base layer, and the optical waveguide core 
which has the edge which carries out termination in contact with the side face of the above-mentioned 
photoelectricity device is included. 

[0014] The substrate by this invention indicated by claim 1 1 contains two or more VCSEL components 
embedded at the 1st polymer layer and above-mentioned polymer layer, and two or more photo detectors 
embedded at the above-mentioned polymer layer. The electronic light substrate by this invention 
indicated by claim 12 The polymer substrate with which it has the 1st field, and the 1st field of the 
above and the 2nd field which countered, and waveguide is formed in inside in one. It is arranged in the 
above-mentioned substrate and two or more optical couplers which combine a lightwave signal between 
the 1st field of the above and the 2nd field of the above, and the above-mentioned waveguide, and the 
Bahia connection prepared in the above-mentioned substrate are included. 
[0015] The manufacture approach of the substrate by this invention indicated by claim 13 (a) The 
process which forms the layer of the charge of a clad plate, and the process which arranges and pastes up 
the mini chip containing some (b) photoelectron devices [ at least ] on the layer of the above-mentioned 
charge of a clad plate, (c) The process which forms the layer of core materials after the layer of the 
above-mentioned charge of a clad plate, and the above-mentioned mini-chip so that core materials may 
paste the above-mentioned mini-chip, (d) The process which forms the waveguide which carries out 
termination within the above-mentioned mini-chip in the above-mentioned core materials, and the 
process which forms the layer of the charge of a clad plate on the (e) front face are included. 
[0016] The manufacture approach of the waveguide for substrates by this invention indicated by claim 
14 (a) The process which forms the layer of the charge of a clad plate, and the process which forms the 
layer of core materials on the layer of the charge of the (b) above-mentioned clad plate, (c) The process 
which forms optical waveguide in the layer of the above-mentioned core materials, the process which 
forms the layer of the charge of a clad plate on the (d) firont face, and the process which grinds the 
above-mentioned charge of a clad plate in order to carry out flattening of the (e) above-mentioned fi"ont 
face more are included, 

[0017] The manufacture approach of the photoelectron substrate by this invention indicated by claim 15 
(a) The process on which the 1st substrate is made to deposit a polymer bottom cladding layer, and the 
process which makes (b) polymer core layer deposit on the above-mentioned bottom cladding layer, (c) 
The process which makes a mask layer deposit on the fi-ont face of the above-mentioned core layer, and 
the process which carries out patterning of the above-mentioned mask layer in order to form (d) 
aperture, (e) The process which forms at least one trench which has the side attachment wall with which 
at least one side attachment wall inclines with the tilt angle of 45 degrees in the above-mentioned 
aperture, (f) The process which removes the above-mentioned mask layer, and some above-mentioned 
side attachment walls [ at least ] which inclined at (g)45 degree The process which metalizes a part with 
the flat bottom of the above-mentioned trench, and by etching a substrate caudad to the height of the 
metal layer of a part with the flat bottom of the (h) above-mentioned trench So that (i) VCSEL beam 
may be combined with the process which removes some substrates in the field in which VCSEL should 
be inserted by the above-mentioned core layer and the electric contact layer of VCSEL may contact a 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



8/29/2006 



JP,2000-1 14581,A [DETAILED DESCRIPTION] 



Page 4 of 50 



part of above-mentioned metal layer of the bottom of the above-mentioned trench The process which 
turns the luminescence aperture of VCSEL to the above-mentioned metal layer bottom, and arranges 
VCSEL, and the process which joins Above VCSEL to the above-mentioned metal layer so that (j) 
metal side may give the electric contact to Above VCSEL are included. 

[0018] The manufacture approach of the photoelectron device embedded on the polymer film by this 
invention indicated by claim 16 (a) The process which installs a dismountable substrate, and the process 
which makes (b) metal layer deposit on the front face of the above-mentioned substrate, (c) The process 
which carries out patterning of the above-mentioned metal layer to a contact pad and an electrode, (d) In 
order to form the process arranged to the contact pad which deposited the metal contact side of a thin 
film device, the process which joins the (e) above-mentioned thin film device to the above-mentioned 
metal contact side, and (f) composition composite-construction object, the process which covers the 
above-mentioned thin film device with the polymer layer of one or more layers, the process which 
grinds the (g) above-mentioned composite-construction object, the process which forms (h) surface 
contact on the above-mentioned composite-construction object by which flattening was carried out, and 
(i) above — the process which removes a dismountable substrate is included. 

[0019] The manufacture approach of the photoelectron device embedded on the polymer film by this 
invention indicated by claim 17 (a) The process which installs the 1st substrate, and the process which 
forms (b) adhesiveness buffer layer in the fi-ont face of the 1st substrate of the above, (c) In order to 
form the process which attaches in the above-mentioned buffer layer the underside of two or more thin 
film devices which have an underside and a top face, and the composite-construction object which has 
the underside and top face which are attached in the (d) above-mentioned buffer layer, The process 
which covers the above-mentioned thin fihn device with the polymer layer of one or more layers, and 
the process which grinds the (e) above-mentioned composite-construction object, (f) The process which 
forms at least one up electrode in at least one thin film device, and forms at least one surface contact in 
the top face of the composite-construction object by which polish was carried out [ above-mentioned ], 
(g) The process which attaches the 2nd substrate in the top face which the above-mentioned composite- 
construction object exposed, (h) — the process which removes the 1st substrate of the above, and (i) - at 
least one electrode — the above — the process which forms in the underside of one thin film device even 
if few, and forms at least one surface contact in the imderside of the above-mentioned composite- 
construction object is included. 

[0020] According to the whole surface of above-mentioned this invention, since the need for the large 
driver of** and amplifier is lost, the requirements of area are mitigated remarkably. Instead of the 
source of luminescence, the extemal Ught source and an optical switch device (for example, modulator) 
are used. An optical switch device answers the output of IC chip, and does not need the driver chip for 
actuation. As compared with the case where the source of luminescence is used, the power of the 
lightwave signal in the example of implementation which uses an optical modulator increases 
remarkably by increasing the size and power of the extemal light source. Since the extemal light source 
does not have the need of becoming irregular, it is possible to make it increase easily in such a form. For 
example, the external light source may be realized as a source of a pulse train of an easy continuous 
wave (CW) or optical power. Furthermore, loss of optical connection is reduced. Therefore, the power in 
a photo detector increases and can omit amplifier now. By forming polymer waveguide in one with an 
optical switch and a photo detector, loss of optical connection is reduced and optical couphng 
effectiveness rises. Moreover, according to the production approach of this invention, it is possible to 
produce short optical connection. The optical power to a photo detector increases by using extraneous 
light power. Furthermore, the optical waveguide integration approach of this invention can make 
dramatically efficient optical connection with VCSEL and LD (laser diode) bleedoff device, and, 
thereby, in addition to the source of the exterior, these devices may be used as a source of release of 
optical power. 

[0021] Another field of this invention realizes integration to a device and/or the photoelectron layer of 
an ingredient, increases the area for chip mounting, and removes the difficulty of optical alignment 
between a photoelectron device and optical waveguide. A photoelectron device may be embedded at a 
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waveguide road layer using the wafer processing technique by this invention. The approach by this 
invention makes it possible to integrate photoelectron devices (for example, a modulator, VCSEL, a 
photo detector, an optical switch, a laser diode (LD), a driver chip, an amplifier chip, etc.) with optical 
waveguide within 1 micrometer thru/or the 250-micrometer super-thin film polymer layer of order. 
[0022] Other fields of this invention offer a photoelectron substrate by accumulating the above- 
mentioned photoelectron layer in order, and joining to one according to a manufacture process like a 
lamination (lamination) or a build up (lamination). The thing on the front face of the usual electric 
substrate to pile up is possible for a photoelectron layer, without needing the excessive location for a 
photo detector, an optical switch, a light-emitting part article, a driver chip, an amplifier chip, etc. In 
practice, since all the photo detectors needed, an optical switch, a liuninescence device, a driver chip, an 
amplifier chip, etc. are offered, the laminating of many photoelectron layers can be carried out. This 
invention offers several kinds of production approaches which form these photoelectron layers, and 
some kinds of substrate structures. 

[0023] Still more nearly another field of this invention is the approach of carrying out the laminating of 
the photoelectron film more than two-layer [ which can improve the function of the structure by which 
the laminating was carried out rather than the photoelectron film of a monolayer ]. Each photoelectron 
layer is constituted by the monolayer structxwe containing the electric layer by the Z connection method, 
or the multilayer-structure object. The photoelectron layer and the electric layer on each photoelectron 
film are optimized separately. The flexible link section, the photoelectron insertion section, a film 
photoelectron and a multi chip module, double-sided packaging, back connection, and a film optical link 
module (FOLM) are contained in the desirable example of the laminating photoelectron film. Moreover, 
a cascade screen is ** which can use manufacture processes more various than monolayer. Especially a 
cascade screen enables double-sided processing by reversing the processed layer inside out. 
[0024] The advantageous effectiveness that a large-scale light link can be added to an electric substrate 
has the above-mentioned description, without making the need area of a substrate increase. These 
descriptions can improve the optical coupling effectiveness of an optical link again. These descriptions 
are applicable to an optical juxtaposition link module. In this invention, the example of a multi chip 
module is shown in principle. However, the same description and same aspect of affairs of this invention 
are applicable to an electric back plane, a printed circuit board (PCB), a chip-size package (CSP), and 
other substrates. 
[0025] 

[Embodiment of the Invention] The amplification perspective view of the 1st example of the 
photoelectron link substrate 10 by this invention is shown in drawing 1 . The link substrate 10 makes the 
format of a photoelectron multi chip module (OE-MCM) substrate of performing a link including both 
one piece or the connection between chips of two or more signals from IC chip la- Id, and the 
connection in a chip, using both an optical link and an electric path. A substrate 10 contains the base 
substrate 12 and a barrier layer 20. A barrier layer contains optical waveguide 24a-24h, photoelectron 
switching device 26a-26c, Ught-receiving device 28a-28c, the electric path 30, and the electrical 
connection pad 32 for IC chip 1. IC chip is attached to a barrier layer 20 by the flip chip type, and 
electrical connection is carried out to the connection pad 32 of a barrier layer 20 by the usual connector 
2 of the type of two or more arbitration. As an example, as shown in drawing 1 , a connector 2 is 
constituted by the solder bump. Since optical waveguide 24 and the photoelectron devices 26 and 28 are 
built into a barrier layer 20 and it is embedded preferably at a barrier layer 20, the top face of a barrier 
layer 20 is substantially flat (for example, except for a small hole, a slot, a bump, etc., there is surface 
homogeneity within the limits of **10 micrometers to the area of 1 square cm). 
[0026] The signal between chips is electrically spread according to the electric path 30, or is optically 
spread by waveguide 24. When waveguide 24 is spread by the signal by light (optically), the 
photoelectron devices 26 and 28 perform conversion between the electric expressions with the optical 
expression of a signal. As an example used in order for light to make a signal spread, the source of 
optical power is led to the photoelectron multi chip module 10, and is connected to optical waveguide 
24a by the optical fiber 4. The source of optical power suppUes the continuous source of light energy 
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working [ the circuit formed with a chip 1, or a system ], or supplies the pulse train of a light pulse. 
Coupling between a fiber 4 and waveguide 24 is attained with an optic fiber communication technique 
by the standard V groove connector 14 which has well-known structure. Moreover, it is the fi-ont face of 
a layer by positioning each fiber so that a 45-degree mirror, a grid, etc. may be incorporated in the core 
region of the layer which waveguide mode spreads and a core may align with a mirror or a grid, and it is 
possible to connect the optical fiber containing a two-dimensional fiber array and a fiber image array to 
waveguide, the light source - waveguide 24 - meeting - spreading (for example, the case where the 
light of each shunt obtains also in another stage, and is once divided when light is divided in another 
stage ~ the ratio of 50% of 50% pairs -) Or when the light in one shunt is further divided in another 
stage, it is divided by the Y shape shunt usual by preselected ratio like the ratio of 67% of pairs between 
two waveguides 4b and 24c 33%. The light in waveguide 24b is delivered by photoelectron switch 26a, 
and the photoelectron switch 26 is selectively dehvered on 24d of waveguides depending on the 
electrical signal supplied to a switch. An electrical signal is supplied to switch 22a through two 
connection pads 32, next is connected to the circuit on chip la through the solder bump connector 2. 
Thus, the electric-generating-power signal from the circuit on chip la is changed into an optical 
expression by switch 26a by 24d of waveguide on the street. 

[0027] As for 24d of waveguides, a path is prepared in 2nd electronic optical switch 26b which has the 
electrical input connected to the chip Id circuit through the same connection pad 32 and the same 
connector 2 from switch 26a. Switch 26b has one optical input connected to 24d of waveguides, and one 
electrical input connected with the circuit on chip Id. Switch 26b has two optical outputs connected to 
Waveguides 24e and 24f, respectively. Depending on the electrical input to switch 26b, switch 26b 
delivers the light of the optical input side to which optical output. An example of the configuration of 
switch 26b is explained with reference to drawing 2 and 3. The lightwave signal on waveguide 24e and 
24f is supplied to two light-receiving devices 28b and 28c, respectively. The light-receiving devices 28b 
and 28c change each lightwave signal into the electric corresponding expression, and supply the electric 
expression to the input circuit on IC chip Ic and Id through the corresponding connection pad 32 and 
the corresponding connector 2, respectively. Switch 26b always is not used or is not necessarily required 
of this situation. In such a case, the output of 24d of waveguides is directly linked with receiver 28b, 
28c, or both receivers for a substrate excluding the switch for a path change-over. 
[0028] In a similar mode, the source of optical power on waveguide 24c is delivered by photoelectron 
switch 26c controlled by the electric-generating-power signal fi"om IC chip lb. The modulated optical 
output is delivered on 24h of waveguides which carry out termination with an optical fiber 5 fi'om the 
optical output of switch 26c, and is sent out from the photoelectron multi chip module substrate 10. The 
usual V groove connector 15 is used in order to connect a fiber 5 to 24h of waveguides. It is also 
possible as above-mentioned to connect an optical fiber to waveguide on the surface of a layer by 
incorporating a 45-degree mirror, a grid, etc. in the core region of the layer which waveguide mode 
spreads, and positioning each fiber so that a core may align with a mirror or a grid. When waveguide 
24c which supplies the input to switch 26c is referred to again, it tums out that waveguide 24c intersects 
24d of waveguides, and an abbreviation right angle. This crossover is a crossover of the usual optical 
waveguide, and the amount of the light which intersects 24d of waveguides fi"om waveguide 24c, and 
the amount of the light which intersects reverse fi*om 24d of waveguides at waveguide 24c are stopped 
as that result to the minimum. 

[0029] A light-receiving device is used in order to receive a lightwave signal from the exterior of the 
photoelectron multi chip module 10. Photo detector 28a shown as the example receives a lightwave 
signal through 24g of waveguides from an optical fiber 3. The usual V groove connector 13 is used in 
order to connect a fiber 3 to 24g of waveguides. A 45-degree mirror, a grid, etc. may be used as above- 
mentioned. The electric generating power of light-receiving device 28a is supplied to the input circuit on 
IC chip Ic through the connection pad 32 and a connector 2. 

[0030] Although not illustrated, optical waveguide can set a path as another terminal of the same chip 
from a terminal with a chip, and, thereby, can establish a chip intrinsic-Ught link. The waveguide 24 and 
the devices 26 and 28 which were shown in drawing 1 , the electric path 30, the interconnect pad 32, a 
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fiber 3-5, and the number of chips 1 are maintained by the small value for visual intelligibility. Although 
a chip and a fiber may be excepted, the typical photoelectron multi chip module substrate 10 holds many 
components rather than the number of the illustrated components. Moreover, the size of components is 
exaggerated for visual intelligibility. The width of face of waveguide 24 of a type target is order (1 
micrometer thru/or 50 micrometers), and die length of one side of typical IC chip is 1cm thru/or 4cm. 
The width of face of the t>T)ical devices 26 and 28 is order (1 micrometer thni/or 50 micrometers), and 
this width of face is the die length of the shorter one in the magnitude of two sides of a lateral front face. 
The die length of the typical devices 26 and 28 is order (1 micrometer thru/or 5000 micrometers), and 
this die length is the longer one of an in [ the magnitude of two sides on the fi-ont face of a longitudinal 
direction ]. The thickness of the typical devices 26 and 28, i.e., the magnitude of a lengthwise direction, 
is settled in 1 micrometer thru/or 20 micrometers. Typically, a device with larger size is used in fi-ee- 
space Ught connection appUcation. Although two electrical connection is prepared in drawing 1 firom IC 
chip with which each device corresponded, another electric terminal is connected to the output or input 
of IC to which, as for a device 26 or 28, one electric terminal was connected to the interior at this field, 
and the barrier layer 20 corresponded inside including the ground plane (or power-source side). Instead 
of a fiber 3-5, an array fiber, film waveguide, or a imaging guide may be used. 
[0031] The fi-agmentary sectional view of the barrier layer 20 of a near [ photoelectron switch 26c ] is 
shown in drawing 2 , and the plan of photoelectron switch 26c is shown in drawing 3 with Waveguides 
24c and 24h. With reference to drawing 2 , a barrier layer 20 is constituted by the layer 24 by which core 
materials with a thickness of about 5 micrometers were pattemized, and waveguide 24a-24g of an 
individual exception is formed fi*om there. A waveguide road layer is formed on the additional (when 
the base substrate 12 is not suitable as a cladding layer, used selectively) cladding layer 21, and is 
covered with the 2nd cladding layer 23. A cladding layer extends on the side face of waveguide 24, and 
a top face. Optical waveguide is made fi-om the ingredient of two types called the core materials and the 
charge of a clad plate which have two kinds of refi-active indexes (nl and n2) as known in the 
conventional technique. Core materials have a refractive index higher than the charge of a clad plate. 
Cladding layers 21 and 23 have a refractive index which is different within the limits of a refractive 
index lower than the refractive index of a core layer 24. A cladding layer can be manufactured from 
fluorination poly IMIDE OPI-N1005 by the Hitachi chemical company, and a core layer can be 
manufactured from fluorination poly IMIDE OPI-N3405 by the Hitachi chemical company. The epoxy 
waveguide ingredient in which ultraviolet curing is possible can also be used for low temperature 
treatment. When a base layer may function as a suitable cladding layer, a cladding layer 21 can be 
excluded. 

[0032] Switch 26c is embedded at a barrier layer 20, and the imderside counters with the top face of the 
base substrate 12. The photoelectron switch device of many different species can be used. In this 
photoelectron switch device, for example, a total-intemal-reflection switch, Mach TSUENDA modular, 
a digital switch, a skeleton pattern switch and an electronic absorption (EA) optical modulator, a semi- 
conductor light gate switch, etc. are included. The switch device illustrated by drawing 2 is a total- 
intemal-reflection switch, and when electric field are impressed, it is constituted by the body section of 
the electronic light (EO) ingredient 626 from which a refractive index changes. With reference to 
drawing 3 , the body section of the electronic light ingredient 626 is formed in the Y shape body section 
which has a passage section between waveguide 24c and 2nd output waveguide 24i, and a shunt section 
used as the origin of a 24h [ of output waveguides ] passage section. An ingredient 626 is formed in the 
path between input waveguide 24c and the output waveguides 24h and 24i, and is held between a 
cladding layer 21 and a cladding layer 23. Electric field are impressed with two counterelectrodes 27 
which function also as an electric terminal of a device. The short electric path which is not illustrated in 
the sectional view of drawing 2 connects an electrode 27 to each connection pad 32. Although the 
connection pad 32 is not illustrated by drawing 2 , the location in a plane background is shown by the 
broken line. When there is no potential difference between electrodes 27, light advances along a passage 
section from waveguide 24c to waveguide 24i. When the potential difference is added between 
electrodes 27, as for some electronic light ingredients 626, a refractive index changes, and for this 
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reason, the propagation direction of light changes so that it may go into the inside the amount of [ of 

light / whose ] body is 24h of output waveguides. More, since light arrives at the section where a 
refractive index is low with the section of the electronic light ingredient 626 between electrodes 27, it is 
reflected in a shunt section by the detail. The inheritance of the electronic light ingredient 626 is done by 
the appUcant for this patent, and it is constituted by the organic material containing an electronic light 
polymer which is indicated at U.S. Pat. No. 5,444,81 1 quoted for reference. The electronic light 
ingredient 626 is constituted by many the quantum well devices and quantum dots which are made from 
the compound of an III-V group like Alx Gal-x As/Aly Gal-y As. When reverse sense electrical- 
potential-difference bias is added, these devices can change a refractive index as a function of the 
impressed bias. 

[0033] Generally, a barrier layer 20 is formed using a laminating technique. By the following 
explanation, a laminating technique means the combination of the arbitration of formation of the 
underground work of the membrane layer deposition process for forming the fihn with which the 
waveguide and/or the electronic Hght device were embedded, and an electronic light device of beer and 
a contact layer in a list. As an example, a cladding layer 21 is first formed on the base substrate 12, then 
formation and patterning of the optical core layer 24 are performed, and then a cladding layer 23 is 
formed, then the electric path 30 and the link pad 32 are formed. The photoelectron devices 26 and 28 
are formed according to an individual, and are built into a barrier layer 20 during formation of a 
cladding layer 21, or after formation and formation of a cladding layer 24. Depending on the case, a 
photoelectron device can be simultaneously formed during formation of a layer 21-24. For example, the 
lower electrode of switch 26c of drawing 2 is formed before formation of a cladding layer 21. A 
rectangle-like electronic light ingredient is formed in the location where switch 26c should be arranged 
after formation of a cladding layer 21. Next, a front face is covered and hardened with the core materials 
for a layer 24. In order to expose the upper part of the electronic light ingredient 626, flattening of this 
front face is carried out. In order to form the pattern of the final Y shape shunt configuration of the 
electronic light ingredient 626, patteming of both the electronic light ingredients 626 of the shape of a 
core layer and a rectangle is carried out to Waveguides 24c and 24h and a list using pattem NINGU of 
the conventional photoresist layer or a mask layer, and etching. A cladding layer 23 and the metal layer 
of the up electrode 27 and a pad 32 are formed in a degree. 

[0034] (a) of drawing 4 is the fragmentary sectional view of the barrier layer 20 of a near [ photo 
detector device 28c ], and (b) of this drawing is the plan showing photo detector device 28c with 24f of 
waveguides. Like switch 26c, photo detector device 28c is embedded at a barrier layer 20, and the 
underside counters with the top face of the base substrate 12. The profound component device of a class 
with which a large number differ can be used. The instantiation photo detector device shown in (a) of 
drawing 4 and (b) is constituted by the body section 628 of a semiconductor material or a mini chip, and 
two electrodes 27 formed in the front face of the body section. Two simple straight-line-like electrodes 
are illustrated for visual conspicuousness. The typical MSM photo detector device used in the example 
of this invention has the electrode put together in order to raise electron hole-electronic collector 
efficiency. Photo detector device 28c of this example is constituted separately, is arranged in the upper 
part of a cladding layer 21, and before it forms waveguide 24a- 24i, it is pasted up on a cladding layer 21. 
The ingredient of the body section 628 generates an electrical potential difference between electrodes 
27, generates a current between electrodes 27, and/or makes the conductivity between electrodes 27 
produce change. For example, the body section 628 is constituted by************ including the pn 
jvmction formed in the ingredient, p mold doped field by which electrical connection was carried out to 
one electrode 27, and n mold doped field by which electrical connection was carried out to the electrode 
27 of another side. Pn junction generates a current, when light is irradiated, and this current is detected 
by the well-known usual detector with the conventional photo detector technique. Or the body section 
228 has the pin junction and nip junction which were formed in the ingredient, and is constituted from 
another example by the semiconductor material possessing the doped field by which electrical 
connection was carried out to each electrode 27. When light is irradiated by the intrinsic (i) 
semiconductor region, the consistency of an electron and an electron hole increases and the conductivity 
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of a field increases. Thereby, in the conventional photo detector technique, the conductivity between the 
electrodes 27 detectable [ with the well-known usual detector ] changes. Moreover, the easy body 
section of the intrinsic semiconductor equipped with two ohmic contacts may be used. A more 
complicated photo detector device like a bipolar photo transistor and field effect phototransistor may be 
used. The structure of these devices is well-known in the conventional technique, and about the example 
of this invention, since it arranges a photon capture field on one side of the mini chip of a semiconductor 
material, or the side face beyond it, it may suit. In (a) of drawing 4 , it is displayed that the thickness of a 
photo detector layer becomes almost the same as the thickness of the core layer of waveguide. However, 
it is more desirable to make thickness of a photo detector larger than the thickness of a core layer more 
generally, in order to reahze light-receiving efficiency-of-element-optical absorption. 
[0035] As above-mentioned, photo detector device 28c depended on this example is manufactured 
separately, is prepared in the upper part of a cladding layer 21, and before waveguide 24a-24i is formed, 
it is pasted up on the upper part of a cladding layer. When constituted by the polymer ingredient which a 
cladding layer 21 is first applied in a liquid format, and then is hardened, photo detector device 28c may 
be set as a layer 21, that a layer 21 is liquefied or when it is in an adhesive condition, and a layer 21 may 
be made to paste firmly into a hardening process. When a cladding layer 21 is constituted by the 
laminating, or when it is hardening or a non-adhesiveness layer, before the body section of polymer 
adhesiveness arranging, it is stuck on the rear face of photo detector device 28c, and subsequently to a 
layer 21, it hardens in order to paste up device 28c. After being installed in a right location, waveguide 
24a-24i and the up cladding layer 23 are fomied in order, and Bahia is formed even to the electrode 27 
of photo detector device 28c. An up metallization layer is formed in order to obtain a path 30 and a pad 
32 as shown to (b) of drawing 4 by the continuous line. 

[0036] The device of (a) of drawing 4 is a finger-like electrode as shown as an electrode put together. 
One side of a finger-like electrode is formed in the underside of the chip of a device. In this example, the 
contact to a lower electrode is produced by carrying out diffiision bonding of some electrodes to the 
electric path formed in the firont face (or on the hardening layer 21) of a base substrate. Since it is 
preferably filled up with the air pocket of the components bottom by which diffiision bonding is carried 
out, an elevated-temperature under-filling ingredient is applied. Since it is filled up with an air pocket, 
core materials may be used. 

[0037] The photo detector used by this invention is not limited to the component of the type put 
together. For example, the electrode structure of a sandwiches form may be used. Moreover, the top face 
of a photo detector contains the 2nd electrode including the electrode equipped with the aperture in 
which the underside of a photo detector, i.e., the front face as for which light carries out incidence, 
receives light, drawing 5 — (- a -) — and — (- b -) — this invention — depending — a photo detector -- 
being another — being desirable — an example ~ 28 — c — ' — being shown ~ drawing 6 - (— a -) — and 
~ (~ b -) — this invention — depending — a photo detector — being another — being desirable — an 
example - 28 - c - " - being shown -- drawing ~ it is . Although these examples are examples over a 
vertical mold photo detector, this arrangement and consideration are applied also like a horizontal-type 
photo detector. Since a voltage signal is outputted fi*om a photo detector as everyone knows, load 
resistance is required. As shown in (a) of drawing 5 , and (b), load resistance 29 is united with electronic 
light and a photo detector 628. Or you may also build a preamp into electronic light and a photo detector 
628 in the location of resistance 29. In this case, the upside pad 32 may be connected to the amplifier 
output instead of a background electrode of a photo detector. The background electrode of a photo 
detector may be connected to an amplifier input. Another load resistance 29' which contains the NiCr 
film equipped with the thickness of 300nm, width of face of 3 microns, and the overall length of 500 
microns which wound in (a) of drawing 6 and (b) is shown. Although it is an example in the case of 
being needed for the device actuation with a suitable, suitable electrical circuit like the resistance for 
amplifier impedance matching, or load resistance, more generally a photo detector is needed, in order 
that suitable resistance, a capacitor, a driver, or other circuits may connect other electrical and electric 
equipment or a photoelectron device like a laser diode to a power source (or a gland or other electrical 
and electric equipment, and/or a photoelectron device). In the case of the example of illustrated this 
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invention, only two electrodes per device are shown. However, generally each device has two or more 
power sources and/or signal electrodes by the approach which was similar with the non-embedding mold 
device. 

[0038] Drawing 7 is the amplification perspective view of the 2nd example of photoelectron link 
substrate 10' by this invention. Link substrate 10' is similar with the substrate 10 shown in drawing 1 , 
and makes the form of the photoelectron multi chip module (OE-MCM) substrate which links one piece 
thru/or two or more signals from IC chip la- Id using both an optical link and an electric path. The 
common reference number is attached to the component which was common in the substrate 10 of 
drawin g 1 in substrate 10' of drawing 7 . As one point of difference, substrate 10' uses the luminescence 
devices 36a and 36b instead of the photoelectron switch devices 26a and 26b of a substrate 10. Since the 
luminescence device 36 does not need the external light source which is supplied with the optical fiber 4 
of a substrate 10, an optical fiber 4 is not needed for substrate 10'. Light emitting diode (LED), (laser 
diode LD) vertical mold resonance surface bleedoff laser (VCSEL), a quantum well, a quantum dot 
device (under a forward-bias condition), or other Hght emitting devices are contained in the 
luminescence device 36. 

[0039] Drawing 8 is the fragmentary sectional view of the 1st example of luminescence device 36b by 
this invention, and drawing 9 is the plan of luminescence device 36b relevant to 24h of waveguides. 
Like switch 26c, luminescence device 28c is embedded at a barrier layer 20, and the underside counters 
with the front face of the base substrate 12. Luminescence device 36b contains the body section 636 of 
luminescent material or the mini chip like a semi-conductor, and two electrodes 27 formed in the top 
face and xmderside of the body section 636. Luminescence device 36b emits light from one or more side 
faces, and is constituted by the light emitting diode or the laser diode formed in the semiconductor 
material. Luminescence device 36b of this example is constituted separately, is arranged on the electrode 
prepared in a cladding layer 21 top or the interior, and before it forms waveguide 24a-24i according to 
the above-mentioned adhesion process including solder or a metal diffusion process etc., it is pasted up 
on a cladding layer. Since the method of producing these light-receiving devices arranges a photon 
bleedoff field to the one side of the mini chip of a semiconductor material about those with common 
knowledge, and this invention in the conventional technique, it may suit. 

[0040] During production, the alignment mark on the base substrate 12 is used for the arrangement to 
the cladding layer 21 of hght-receiving device 36b, and patteming of 24h of waveguides, and they are 
performed. During a fabrication, since equipment 36b or the pattem of 24h of optical waveguides 
becomes bad ahgnment somewhat about an aUgnment mark, bad alignment produces it between the 
optical output of light-receiving device 36b, and the optical input of 24h of waveguides. In order to take 
such bad alignment into consideration, a taper is attached to a flare mold, i.e., outwardness, as the 
optical input of 24h of waveguides is shown in drawing 9 . When there is bad alignment, it is guaranteed 
that incidence of the light from light-receiving device 36b is carried out to 24h of optical waveguides by 
this taper. 

[0041] This bad alignment's possibility becomes a problem also when producing the Bahia contact from 
a path 30 to an electrode 27. This is solved by specifying additional tolerance as the Bahia dimension 
(for example, thing for which a larger dimension than the lower Hmit restrained according to the 
lithography and the etching process which are used is used). Or you may arrange so that a path 30 and 
the form of an electrode 27 may be extended in the Bahia field and the extended configuration may be 
made to cross at the include angle of 90 degrees. 

[0042] The fragmentary sectional view of the 2nd example of luminescence device 36b' by this 
invention is shown in drawing 10 , and the plan of luminescence device 36b' is shown in drawing 1 1 
with 24h of waveguides. Luminescence device 36b' contains the vertical mold resonance surface 
bleedoff laser (VCSEL) 638 formed in the semi-conductor mini chip (or die) 636. UnUke light having 
been generated from the side face of a mini chip, in the 1st example of the above-mentioned 
luminescence device, the VCSEL component 638 generates the light of the vertical sense to the top face 
of the mini chip 636. A substrate 636 is in the core layer 24 bottom, and since the vertical light beam of 
a component 638 is reflected in 24h of waveguides (i.e., in order to meet horizontally and to make it 
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reflect), a mirror 639 is arranged at the front of the VCSEL component 638. The front face of a mirror 
639 makes the include angle of 45 degrees to the light beam of a component preferably. The end of 24h 
of optical waveguides is on the VCSEL component 638, and a tilt angle is prepared about the normal 
vector on the front face of a substrate (at include angle which is 45 degrees preferably). A normal vector 
is a vector vertical to the top face of the base substrate 12. Dip is realized by the laser polish using the 
laser leaned at the include angle of 45 degrees about the normal vector on the front face of a substrate. 
Reactive ion etching (RIE) may be used. When sensitive material is used, the inclined RISOGURAFU 
exposure may be used. A mirror 639 is buiU on the sloping front face by making for example, a 
reflective metal or the charge of a reflector deposit on this field. Silver (Ag), aluminixm (aluminum), 
gold (Au), copper (Cu), chromium (Cr), a tungsten (W), titanium (Ti), etc. are contained in the example 
of a reflective metal. For the example of the charge of a reflector The multilayer dielectric coating 
constituted with a titanium dioxide (Ti02), the silicon dioxide (Si02), the alumina (aluminum-oxide 
aluminum 203), the zinc oxide (ZnO), and an ingredient like chrome oxide (Cr 203) is contained. 
Depending on the difference of the refractive index of a core layer and a cladding layer, as for the 
include angle of a mirror 639, only few amounts change from 45 degrees. When a refractive-index 
difference is deltan=0.02, the **3-degree maximum include-angle dispersion is permitted. When 
refractive-index difference deltan is given, this contractor can calculate the maximum include-angle 
dispersion easily. It means that the include angle of 45 degrees or the include angle of about 45 degrees 
includes all the include angles in the include-angle tolerance to the value of corresponding deltan, and 
when the value of deltan is 0.02, the include angle from 42 degrees to 48 degrees which has the **3- 
degree above-mentioned include-angle tolerance is included so that it may be used by this example. An 
optical grid may be used instead of a mirror 639. An optical grid is the refractive index nl replaced by 
tums. n2 It is constituted by the sequence of the ingredient layer which it has, and is formed at the 
include angle of 45 degrees to a substrate normal vector. Such an optical grid forms in the edge of 24h 
of waveguides the notching section which the lot estranged, and is produced by filling up with the 
optical ingredient which has a refractive index which is different in this notching section. The group of 
the notching section with an include angle of 45 degrees is most easily gained by passing an exposure 
exposure in the optical device made to generate the interference pattem which has the mutual field of the 
high intensity light which used the photosensitive light ingredient, and has been approached and 
arranged, and low-strength light. An interference pattem inclines at the include angle of about 45 
degrees to the normal vector of a substrate, and are collected on the field in which a grid should be 
formed. Like the case where a mirror is used, dispersion in a small include angle is permitted and this 
tolerance may be calculated by this contractor of an optical technique from a refractive index. About a 
grid, it is formed of the anisotropic etching technique later mentioned by the detail with reference to the 
device shown in drawing 23 thru/or 26. 

[0043] As shown in drawing 10 , luminescence device 36b' is embedded at ingredient layer 25b under a 
cladding layer 21 . Before adhesive layer 25a forms ingredient layer 25b so that the base substrate 12 
may be certainly equipped with luminescence device 36b', it is formed on the base substrate 12. The 
suitable polymer nature ingredient containing the ingredient of a cladding layer 21 or a core layer 24, the 
usual poly IMIDE ingredient, and an ultraviolet curing possible epoxy ingredient can constitute Layers 
25a and 25b. A different ingredient is sufficient although to constitute from same ingredient is more 
desirable. With other components devices, the electrode 27 of luminescence device 36b' may be 
arranged on the underside of a device, or may be arranged to both sides (the so-called counterelectrode). 
In this case, diffusion bonding of the lower electrode is carried out to the electric path formed in the 
front face of a base substrate (or formed in hardening layer 25a). Since it is filled up with the air pocket 
which is preferably under the components by which diffusion bonding was carried out, an elevated- 
temperature under-filling ingredient is applied. Moreover, an air gap may be buried with the ingredient 
of layer 25b. When VCSEL is used, a vertical mold photo detector is embedded using a similar process, 
and has the structure shown in drawing 10 and 11, and similar structure. 

[0044] Next, the example of the approach of producing the active group plate 20 for a substrate 10 and 
10' is explained with reference to drawing 12 thru/or 19. Drawing 12 thru/or 19 are the sectional views 
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of the layer of the active group plate 20 under production. In the illustrated sectional view, the 
photoelectron switch device 26 and the photo detector device 28 adjoin each other mutually, and are 
formed, and as shown in drawing 19 , as for optical waveguide, a path is made from the optical output of 
the photoelectron switch device 26 by the optical input of the photo detector device 28. 
[0045] With reference to drawing 12 , the lower electrode 27 of the switch device 26 is formed in the top 
face of the base substrate 12 in the conventional technique of the well-known usual deposition and a 
well-known optical RISOGURAFU process. In addition to formation of an electrode 27, the alignment 
mark for the fUrther down stream processing is formed, or before these alignment marks form an 
electrode 27, they are etched on the front face of the base substrate 12. As a following process, a 
cladding layer 21 is formed by carrying out spin coating for example, of the fluorine polymer on the 
base substrate 12. In order to equip with components 28, an ingredient with fluorination poly IMIDE 
OPI-N1005 by the Hitachi chemical company, poly IMIDE, or adhesion capacity like a nonsolvent (non- 
gas) epoxy ingredient is chosen as a layer 21. The thickness of a layer 21 is settled in the range of 1 to 
20 micrometers after contraction by the following hardening process. 
[0046] Before the solvent for fluorination of a layer 21 evaporates thoroughly from a layer 21 
preferably, the photoelectron components according to an individual like the photo detector device 28 
are arranged on a layer 21, and are pasted up on a layer 21 . The ingredient of the non-solvent base like 
an epoxy ingredient may be used for a layer 21 . Generally, it should be taken into consideration that an 
epoxy ingredient decomposes at temperature lower than the poly IMIDE ingredient when choosing the 
ingredient of a consecutive layer. If a fluorination solvent exists, in order that a layer 21 may remove a 
fluorination solvent and may construct a bridge in some altemative polymer ingredients, soft baking 
processing is performed to it. A layer 21 is hardened by the process suitable next for an ingredient 
presentation which is exposed to heat, an exposure, time amount, or these combination. Evaporation of a 
solvent is gradually performed so that horizontal-type difftision of the solvent under each components 28 
28 may be received. Since the front face of a layer 21 is made into adhesiveness before each components 
are arranged by using a certain kind of charge of a clad plate, a partial software baking process may be 
performed. Partial software baking shortens required time amount in order to make a longitudinal 
direction diffuse the fluorination solvent under set components (for example, components 28). 
[0047] The rear face of the arranged each part article (for example, components 28) is covered with 
chromium in front of an adhesion process so that it may be easy to paste up components on the polymer 
ingredient of a layer 21 and they may become it. Patterning of the chromium film is carried out at a 
certain kind of case so that the lower electrode of components may be formed. Since components are 
arranged, the device for surface mounts marketed, the device for flip chip bonding, or a custom-made 
application aligner can be used. An alignment mark is prepared on each components (for example, 
components 28) and/or the base substrate 12 for the object which arranges components. Or an aUgnment 
mark may be created on some points of the substrate section with which some components or 
components are arranged instead of attaching an alignment mark to the components according to 
individual. The device for surface mounts, the device for flip chips, or a custom-made application 
aligner can arrange components within the limits of **2 micrometers thru/or **5 micrometers. 
[0048] As above-mentioned, preferably, the thickness of each components (for example, components 
28) is dramatically thin, for example, is order (1 micrometer thru/or 20 micrometers). Thus, thin 
photoelectron components are reference :Yablonovtich, "Vapor Phase Epitaxitial Liftoff Process of 
GaAs", and the Fall Materials Research Symposium. It is manufactured using the gaseous-phase 
epitaxial lift-off process indicated. A liquid-phase-epitaxial lift off or other processes like polish can be 
used. An epitaxial lift-off (ELO) process has the advantageous point that the difference of the dirty rate 
between GaAs (gallium arsenide) and AlAs (aluminum arsenic) or between GaAs and Alx Gal-x As (an 
aluminxmi gallium and arsenic) is very large. The layer of AlAs is formed in a top face starting with a 
GaAs substrate of epitaxial growth (for example, MBE (molecular-beam epitaxial growth), OMVPE, 
etc.). The layer of GaAs and Alx Gal-x As is formed in an AlAs layer of epitaxial growth next. A 
photoelectron device is formed in an up GaAs layer with an electrode and an up passivation layer. A 
polish stop layer is formed in the upper part and the electrode of a passivation layer like [ in the case of 
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the example of this invention ] the after-mentioned. By this event, an electrode is not necessarily 
required. The polymer film 23 and 24 by which the electrode was formed and covered at the process 
after the device was attached in the cladding layer 21 may be hardened. Next, a deep trench is formed in 
an up GaAs layer in order to make a device divide into the components according to individual, or the 
array chip according to individual (chip which holds two or more devices). In case such an array chip 
realizes the optical bus which grouping is collectively carried out by many signals and is delivered by 
bank of a photo detector fi*om a bank of an optical switch device (or emitter), it is usefiiL As a substrate 
for support, polymer film like a Mylar (Mylar (R)), glass, or Xtal is made into the shape of a layer on the 
top face of GaAs components including an array chip. The whole substrate receives hydrofluoric-acid 
etching which carries out etching processing of the AlAs layer in a longitudinal direction, and while the 
polymer film had been equipped with GaAs and Alx Gal-x As components (for example, mini chip) 
(when the polymer is used as a substrate for support), it is dissociated from a GaAs substrate. These 
components are held at the polymer film until they are cut out firom the polymer film or are used. When 
held at the polymer film, when software baking processing of the strong adhesive adhesive strength is 
carried out even to the point with which it is obtained and components are pushed against the adhesive 
layer 21 rather than the stratified polymer film, a layer 21 is held on a layer 21, when the stratified 
polymer film is pulled apart, and components separate fi-om the polymer fihn. A metal may be made to 
deposit on the underside which the epitaxial device [ that the support film is equipped ] exposed as an 
alternative plan. The corresponding metal pad is formed on the hardening layer 21, and an epitaxial 
device is attached in the metal pad which corresponded according to the bonding process to which 
diffusion bonding, AuSn bonding, AuInSn bonding, Auin bonding, Pd bonding, or others was similar. 
Dimensional stability is improved when a hard substrate like glass is used for the substrate for support. 
[0049] A similar epitaxial Uft-off process is developed by using the etching fluid which produces a 
difference between SiGe and silicon (Si) for the silicon (Si) substrate which uses a medium SiGe (silicon 
germanium) layer instead of an AlAs layer. Thereby, the epitaxial lift-off process of the high yield is 
reahzable to a silicon chip. 

[0050] In the following down stream processing, the fi-ont face where the layer of core materials was 
formed on each components (for example, components 28), and was obtained is passed to a polish 
process in order to obtain a flatter front face. In the example of the desirable creating method, a polish 
process removes the parts of the core materials which lap on the electrode of each components (for 
example, components 28), and exposes the top face of an electrode 27. For this object, an electrode 27 
has initial height preferably higher than the height needed for a general target, is polished according to a 
polish process, and becomes low. Moreover, an electrode 27 has preferably the composite construction 
which consists of a metal sublayer more than two-layer, and one sublayer is constituted by polish stop 
ingredient like a tungsten. In the case of the example shown in drawing 12 , an electrode 27 contains 
lower sublayer 27x of copper, medium sublayer 27y of a timgsten, and copper up sublayer 27z. 
Tungsten sublayer 27y has the thickness of the range of 0.1 micrometers thru/or 1 micrometer, and the 
copper sublayers 27x and 27z have the thickness of the range of 2 micrometers thru/or 20 micrometers. 
In order to decrease copper diffiision during polymer hardening, a copper top face is covered with a 
diffiision barrier layer (for example, titanium or a nickel layer). Other metals like Gold Au may be used 
instead of Copper Cu. In order to decrease the metal diffusion under polymer hardening, a diffiision 
barrier layer like a nickel layer or a titanium layer is used. In the case of the slurry which contains an 
alumina particle as an abrasive material, copper is ground at a rate quicker than a tungsten. 
[0051] After a layer 21 is hardened, in order that a layer 21 may form the beer to the lower electrode 27 
in time amount after software baking processing of the layer 21 is carried out until it hardens, patterning 
of it is carried out to it. This patterning is realized by carrying out laser-beam-drilling processing of the 
Bahia aperture, next filling up aperture with a conductive ingredient like copper. The location of Bahia 
is shown as "Bahia" in drawing 12 . Instead of laser-beam-drilling processing, the Bahia aperture is 
formed of etching which penetrates the thick photoresist layer by which patteming was carried out in 
photograph RISOGURAFU using the aperture corresponding to the aperture which should be formed in 
a layer 21. When a layer 21 is hardened, the dry etching is more desirable and, generally wet etching is 
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used with the layer 21 which software baking processing is carried out and is not hardened. Bahia in a 

layer 21 may be further formed at a next process as below-mentioned. 

[0052] the Bahia aperture in a layer 21 — sputtering of a conductive ingredient (for example, copper), 
and chemical vapor deposition (CVD) — it may be filled up with a conductive ingredient by the 
conventional method of depositing a large number including the plating of law and a conductive 
ingredient. Since it is filled up with the Bahia aperture, without making the whole substrate deposit an 
ingredient, nonelectro lytic plating, direct plating (electrolysis plating), and chemical vapor deposition 
are used. Nonelectrolytic plating takes time amount dramatically. Other approaches cover the whole 
front face, make a conductive ingredient deposit, and remove the ingredient in the field which is not 
desirable by etching processing. Before performing uniform deposition of such an ingredient, it is 
recommended that a protection patch of a photoresist ingredient covers these components and the 
components (for example, components 28) arranged so that a metal electrode may not be damaged 
especially by the next etching processing. When electrolysis plating is used, in order that a conductive 
seed layer may create the conductive pass for plating currents, sputtering of it is first carried out on a 
layer 21. Generally a seed layer is constituted by a thin chromium adhesiveness layer (for example, 
200A) and the following thicker copper layer (for example, 2 micrometers). An excessive conductive 
ingredient is removed by the usual chemical etching which uses the cap for masks on the Bahia aperture 
with which it filled up. The cap for masks is covered on the copper layer which newly deposited the 
layer of a photoresist, next may be simply formed by carrying out pattern exposure and developing a 
photoresist layer. After excessive copper (and all seed layers) is removed by etching processing, the cap 
for masks is removed by a suitable stripper or a suitable solvent. The above-mentioned Bahia formation 
process is used also in order to form Bahia in other dielectric layers and polymer layers which are 
explained by this example. 

[0053] The electronic light ingredient 626 for switch device 26 is formed referring to drawing 13 on the 
components according to a layer 21 and individual (for example, components 28). Patteming of the layer 
of the electronic light ingredient 626 is carried out so that it may leave some ingredients (body section) 
to the location in which the switch device 26 is formed. Typically, this left-behind part is a progress part 
of an ingredient, and differs from the final pattern of the body section of the electronic light ingredient 
626 used for the switch device 26. For example, this left-behind part encloses the body section of the 
electronic light ingredient 626 which is an abbreviation rectangle-like part (when it sees from the top 
face of the base substrate 12), and is actually used for the switch device 26 (refer to drawin g 20 ). The 
following process performs final pattern NINGU of the part of this electronic light ingredient typically 
(refer to drawing 21 ). In-between patteming of the layer of this electronic light ingredient 626 is 
performed by the conventional patteming technique of the number of arbitration. When photograph 
image formation is possible, patteming of the electronic light ingredient 626 is carried out, and it is 
exposed by chemical-rays exposure and developed. When photograph image formation is not possible, a 
photoresist layer is formed on the layer of the electronic Hght ingredient 626, and patteming of the 
photoresist is carried out so that it may leave the dirty mask which covers the progress part of the 
electronic light ingredient 626 which should be held. Since both wet and dry etching processes remove 
an unnecessary part, they can be used, and it is an anisotropy, and since a dry etching process gives a 
sharper vertical wall, it is more desirable [ the dry etching ]. A plasma dry etching technique may be 
used, and a photoresist layer is lost in a dry etching process, as long as a part of the thickness is held to 
the last of an etching process. 

[0054] In drawing 13 , the further example of the realizable patteming approach is used preferably. The 
tungsten layer whose thickness is 0. 1 micrometers thru/or 1 micrometer is specifically formed on the 
layer of the electronic light ingredient 626, and patteming of this tungsten layer is carried out so that it 
may leave the tungsten dirty mask 627 for the part of the electronic light ingredient 626 which should be 
held. This patteming forms a photoresist layer on the tungsten layer 627, and a photoresist layer is 
performed patteming and by developing negatives, for example, etching an unnecessary tungsten using a 
hydrogen-peroxide solution that an unnecessary tungsten should be exposed. The result of pattern 
etching of the layer of the electronic light ingredient 626 is shown in drav^ng 14 . In a consecutive 
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polish process, since the tungsten dirty mask 627 is used as a polish stop layer which protects the part in 
which the electronic light ingredient 626 was held, it is useful for two objects. It is admitted that other 
ingredients may be used instead of a tungsten, and the creation approach of this invention is not limited 
to the activity of a tungsten. For example, other metals, the deposited siUcon dioxide, and the deposited 
silicon nitride may be used. If needed, a dirty mask is used as an electrode for polling, in order to 
reinforce the electronic light multiplier of an electronic light ingredient. 

[0055] The chip of the semiconductor material which has an electric light property or an electronic 
absorption property may be arranged instead of forming some electronic hght ingredients 626 by spin 
coating, CVD, or MLD. For example, the quantum well device of a large number containing the mutual 
layers (or InGaAlAs (indium-gallium-aluminum-arsenic) or InGaAsP (indium-gallium-arsenic-Lynn) 
etc.) of AlGaAs and GaAs changes a reflection factor as a function of the impressed potential difference. 
These chips may be created according to the above-mentioned epitaxial lift-off process, and when 
components 28 are arranged at a layer 21, they may be simultaneously arranged in a layer 21 
(simultaneous arrangement or sequential arrangement is also available). This possible example is shown 
by the broken line in drawing 12 as a chip which consists of ingredient 626'. In this example, both the 
processes that cover the layer of the polymer nature electronic light ingredient 626 shown in drawing 13 
can be skipped with the process which forms the ingredient 626 covered except for the case where an 
ingredient 626 and ingredient 626' are used, on the same active group plate 10, and is stiffened. Before 
the poHsh stop layer 627 is arranged, it is preferably formed on chip 626\ In order that a layer 627 may 
form the final configuration of chip 626*, patteming is carried out, and before a core layer is formed, a 
semiconductor chip is etched so that some semi-conductors which are not in the bottom of the layer 627 
by which patteming was carried out may be removed. Processing of this chip 626* is the same to the 
process explained about drawing 14 thru/or 21. 

[0056] With reference to drawing 15 , the layer 24 of optical core materials is formed at the following 
process on electronic **** (or electronic absorption section) of a cladding layer 21, the components 
according to individual (for example, components 28), and an ingredient 626. For this object, a spin coat 
process is used and core materials are constituted by the polymer ingredient (the shape of viscous fluid) 
fluorinated using the solvent. Fluorination core materials are constituted about this point by fluorination 
poly IMIDE OPI-N3405 by the Hitachi chemical company as above-mentioned. In the case of low 
temperature treatment, the epoxy in which ultraviolet curing is possible is useful. A layer 24 is processed 
processed at the process of the hardening process which was processed at the software baking process 
next in order to remove a fluorination solvent, and was suitable for the ingredient presentation, for 
example, heat, an exposure, time amount, or these combination. The guideline for hardening processing 
is given to the software baking list of core materials, the charge of a clad plate, and an electronic light 
ingredient by the manufacturer. The thickness of a components mini chip (for example, components 
628) or the thickness of some electronic light ingredients 626 is 90% or more of the smaller one either, 
and the thickness of a layer 24 is thicker than some of mini chips and electronic light ingredients 626 
more preferably. The typical thickness of the layer 24 which was formed first and hardened is less than 
30 micrometers, and, more typically, falls within the range of 3 micrometers thru/or 20 micrometers. 
[0057] With reference to drawing 16 , the front face of a substrate is ground so that a front face may 
carry out flattening more. Although a polish process removes the part of the layer 24 which laps with 
electronic parts 26 and 28, it holds the ingredient in the field in the bottom where optical waveguide is 
formed. Especially a polish process often makes small thickness of the layer 24 in the field which is 
downward, when the thickness of the layer which was formed first and hardened is larger than the 
thickness of a photoelectron device. 

[0058] Smoothness is defined as a localization field to the flat (or it curves gradually) geometric flat 
surface which passes along the medium height or average height of surface topology in breadth and a 
field. This smoothness is the measurand of dispersion in the surface topology from a geometric flat 
surface. This measurand is mathematically defined by various approaches and a typical (it is the 
simplest) measurand is the maximum of dispersion in the height from the geometric flat surface in a 
localization field most. The base substrate 12 which is downward depending on the case has the front 
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face which curved slightly, and is not completely flat. In this case, the concept of smoothness is applied 
by using the geometric flat surface which has the curved front face which pursues the profile of the 
substrate which is downward in the localization field under view. In the example of this invention, it is 
called for that generally cover the surface area (namely, 4cm2) whose one side is 2cm, and the 
maximum of dispersion in the height from a geometric flat surface does not exceed 0.5 micrometers. 
[0059] In order to acquire good partial smoothness, the double pad structure containing the soft pad for 
polish, or a hard outside pad and a soft bottom pad may be used. Selection of a scouring pad is well- 
known with this contractors technique. As above-mentioned, a timgsten polish stop layer is used on the 
component in order to protect various components. About this point, the effectiveness of the tungsten as 
a polish stop layer is raised by adding a phosphoric acid to a slurry, and does not have copper and largest 
effect at the polish rate of a polymer nature ingredient. The phosphoric acid of the amount in which pH 
of a slurry is reduced to the value between 2 and 4 is added for this object. Finally, at a poUsh process, it 
needs to be cautious of being distributed on the front face of the base substrate 12 in the field in which 
optical waveguide or a photoelectron device does not exist with the polish stop layer 627 to which some 
"dummy" parts in the electronic light ingredient 626 lap upwards. Such a dummy part is shown in the 
lower left comer of drawing 21 . Although never used as activity components, a dummy part functions 
in order to reduce the "dish INGU" phenomenon of a polish process by making the total surface area of 
the polish stop layer 627 increase. Here, the polish actuation resulting from lack of a neighboring polish 
stop field or a high spot expresses the situation that the localized hollow is formed in a front face, and 
the soft pad of "dish INGU" is [ the dish INGU effectiveness ] larger than a hard pad. 
[0060] As shown in drawing 16 , by the following production process, Bahia which passes along a layer 
24 is formed until it arrives at Bahia where even the lower electrode 27 was previously created through 
the layer 21. This Bahia is formed by filling up aperture with a conductive ingredient using one which 
etched the Bahia aperture using laser or plasma dirty processing, next was explained about formation of 
Bahia in a layer 21 of the above-mentioned restoration processes. Formation of Bahia in the previous 
layer 21 may be delayed until Bahia in a layer 24 is formed, and it turns out that it does not matter even 
if it forms Bahia of a layer 21 and a layer 24 simultaneously by the single Bahia formation processing. 
Moreover, before a layer 24 is ground, or before a layer 24 is hardened, it is possible to form Bahia 
within a layer 24. 

[0061] With reference to drawing 17 , the following process includes the 2nd polish process which 
removes an alternative and excessive conductive ingredient from the top face of Bahia formed in the 
layer 24. This polish phase is comparatively easy and does not need to remove all surplus objects. As a 
following process, polish stop layer 27y is selectively removed by exposing this layer to suitable etching 
fluid with the polish stop layer 627. Since a tungsten polish stop layer is easily removed by hydrogen 
peroxide solution, it does not add breakage to copper Bahia or almost all PARIMA ****. Optical 
waveguide is formed by the layer 24 at the following process. This exists along with the both sides of 
each waveguide, and is performed by removing the part 624 of the layer 24 which defines the boundary 
of the side face of the photoelectron device which is not used as an optical input. The plan of the active 
group plate 20 before the part 624 of a core layer 24 is removed by drawing 20 is shown, and in order to 
form optical waveguide 24j-24L of three pieces to drawing 21 , the plan of the active group plate 20 
after the part 624 was removed is shown. The part of the layer 21 under the part from which the layer 24 
was removed is shown in drawing 21 . As a part of this process, patterning of the partition of the 
electronic light ingredient 626 is carried out twice so that final Y mold shunt configuration of the switch 
device 26 may be acquired. A part of patterning of a layer 24 and the electronic light ingredient 626 may 
be performed to the dry etching processing and coincidence which use the dirty mask which was 
prepared on [ some ] the layer 24 and electronic light ingredient which should be maintained, and by 
which patterning was carried out. Wet etching processing may be used. Generally, the width of face of 
the electronic optical waveguide section 626 and waveguide 24j-241. width of face are not necessarily in 
agreement, the [ like gallium-arsenic (GaAs) ] - like [ in case an III-IV group's compound is used as a 
section 626 ], when only an amount with the refractive index of the electronic optical waveguide section 
626 more substantial than the refractive index of a core layer 24 is large, it is desirable to expand or 
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reduce the width of face of an electronic optical waveguide section, and to make thin gradually the 
dimension of the width of face of the section in waveguide 24i-241. and the hitting location. Since the 
beam width of the hght which this spreads within two ingredients with which refractive indexes differ is 
maintained at a suitable dimension, an echo on the boundary between two different ingredients 
decreases. 

[0062] As a following process, the layer 23 of the charge of a clad plate is formed on the field which the 
layer 24 and the lower cladding layer 21 exposed. Thereby, an optical waveguide 24j-241. side face is 
covered at the charge of a clad plate. The result of this treatment is shown in drawing 18 . Although the 
charge of a clad plate is not perfect to the upper part of the removed part 624, all are substantially 
continued and filled up with it. A small hollow is shown in the front face of the layer 23 which laps on 
the part 624 from which the layer 24 was removed. Since these hollows are formed general little by little 
smoothly, a metal line is formed on a hollow, without fracturing. The following processes are performed 
to make size of a hollow small or remove a hollow. Again with reference to drawing 16 and 17, a polish 
stop layer is maintained at a right location during clearance of a part 624, and when the 1st layer 23 of 
the charge of a clad plate is formed on a front face, it is maintained at a right location. Next, flattening of 
this 1st layer is carried out, and it is ground so that a polish stop layer may be exposed. Next, this polish 
stop layer is removed and the 2nd layer of the charge of a clad plate is formed on a substrate. 
[0063] It is admited at the process which forms optical waveguide that the following further 
modifications may be carried out. When the 1st patteming of the electronic light ingredient 626 uses the 
final patteming processing image to the ingredient as deformation of the 1st, the 2nd patteming process 
which carries out patteming of some electronic light ingredients 626 is nothing, and may be finished. 
The dimension of the configuration of Y shunt is expanded in consideration of bad aUgnment's 
possibility. The advantage using patteming of two processes is that perfect aUgnment is attained 
between Y shunt configuration of the switch device 26, and optical waveguide 24j-241. by using the 2nd 
etching process in order to carry out patterning of both layers 24 to the electronic light ingredient 626. 
[0064] As the 2nd modification used with the 1st modification, the core materials (namely, Ught reflex 
nature) which can limit light may be used. Such an ingredient has the initial refractive index changed by 
the chemical-rays exposure which is the light which generally has the wavelength of the range of 365nm 
thru/or 400nm. Since the ingredient which is deposited first in this example has a low refractive index, 
in early stages, it acts as a cladding layer. In order that this layer may define optical waveguide by next 
raising a refractive index in the field in which waveguide should be arranged, pattern exposure of it is 
carried out by exposure. This pattern exposure makes the side face of waveguide surround automatically 
at the charge of a clad plate. When the active group plate 20 is completed and it is used as a link device, 
optical waveguide spreads the light (generally light of the range of 600nm thru/or 1.6 micrometers) 
which has wavelength shorter than the light generally used in order to form optical waveguide. When 
patteming of the electronic light ingredient 626 is carried out to a final configuration before the layer 24 
was formed, the core materials which can limit light can be easily used for a layer 24. However, in order 
to carry out patterning of the electronic light ingredient 626 after making it waveguide have light 
limited, excessive down stream processing is added. Moreover, since some electronic light ingredients 
are equipped with the property which can limit light, a presentation may be changed. The example of the 
electronic light ingredient which can limit light is McFarland. It is indicated by U.S. Pat. No. 5,541,039 
of the name of the invention "Method for Forming Optically Active Waveguides" otherwise published. 
It realizes, when that an ingredient enables it to limit light generally finds the approach of changing a 
refractive index according to the light exposure to a chemical-rays exposure. This change is realized by 
producing chemical change and/or concentration change of an ingredient according to the amount 
exposed by chemical-rays exposure. 

[0065] In the core layer coat process shown in drawing 15 , an alternative cladding layer can be covered 
on a core layer. After effectiveness of the core layer is carried out (to partial or completeness), an 
alternative cladding layer is covered and, subsequently soft perfect hardening is performed. The front 
face where the thickness of a core layer was ground when only a few was lower than the height (an up 
electrode is included) of a photoelectron device may be included in a cladding layer. In this case, an 
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alternative cladding layer is formed on a core layer, before a polish process is performed. The approach 
by two-layer [ this ] improves flat [ of the interface between a core and a layer ], and reduces optical 
loss. Moreover, since optical field strength is slightly small in the direction of a cladding layer, interface 
scattering loss is reduced rather than the case where a CMP front face is formed in the boundary of a 
core and a cladding layer. The thickness of a core layer is chosen so that it may become same extent as 
the thickness of the photoelectron device / ingredient except an up metal, or less than [ it ]. In this 
example, optical clad layer thickness may be adjusted by adjusting the thickness of an up metal Another 
approach is the approach of performing CMP processing in neither of the layers, a core layer nor an up 
cladding layer. 

[0066] When using the photo detector ingredient hardened by the optical exposure, it is not necessary to 
perform CMP processing. A core layer is suitable thickness, namely, when covered after the process 
shown in drawing 15 at the height of the photoelectron device / ingredient except an up layer, 
comparable, or under its height, the optical exposure by which patterning was carried out can perform 
waveguide patterning to it easily. If required, the further planar-ized layer and further down stream 
processing will be appUed after an exaggerated cladding layer is formed. 

[0067] With reference to drawing 19 , at the last process, Bahia which passes a cladding layer 23 is 
formed and the up electrode 27, the electric path 30, and the link pad 32 for switch 26 are formed. If the 
Bahia aperture needs to harden, it will be formed in a layer 23 by the approach of usual [ much ] for any 
before and after hardening a layer 23 their being. The wet etching or dry etching which uses laser-beam- 
drilling processing and the dirty mask formed by the photolithography type is included in such an 
approach. After the Bahia aperture is formed, Bahia is filled up with a conductive ingredient using 
which the above-mentioned conventional restoration approach. An ingredient is a conductive ingredient 
preferably, for example, copper is one in the most desirable metal. In order to reduce down stream 
processing, it is desirable to use a sputter deposition method or uniform electroplating using the seed 
layer by which sputtering was carried out, and to cover the whole front face of a layer 23 with a 
conductive ingredient. By performing a uniform coat, according to the etching process which uses the 
dirty mask formed in photograph RISOGURAFU, since the electric path 30 and a pad 32 are formed, a 
consecutive etching process can be used. A dirty mask is a wrap about Bahia, in order to be among an 
etching process and to protect Bahia. Or sputtering of the seed layer may be carried out on the whole 
front face of a layer 23, and the Bahia aperture. According to the usual photograph RISOGURAFU- 
process, the mask for plating can be formed on the field in which Bahia, a path, and a pad should not be 
formed. As the resuh, a part of exposed seed layer laps on the location of Bahia, a path, and a pad, and 
the exposed part is galvanized so that Bahia, a path, and a pad may be formed. After plating, in order to 
remove the mask for plating and to remove the part of the seed layer beforehand covered with the mask 
for plating, easy uniform etching is performed. When forming a metal layer on a polymer layer in the 
conventional technique so that it may be well-known, before forming a metal layer, it is desirable to 
carry out sputtering of the adhesive layer on a polymer layer first. Since thickness (200A thru/or 400A) 
of a chromium layer is this object, it is used. An adhesive layer is well joined into both a metaUic 
material and a polymer ingredient. 

[0068] By adding some down stream processing, VCSEL device 36b' shown in drawing 10 is included 
in the above-mentioned production process. Before a cladding layer 21 is formed in the first place, 
adhesive layer 25a is formed on the base substrate 12, and a VCSEL device pastes layer 25a. The top 
face of the VCSEL device containing an epitaxial lift off is covered with a polish stop layer like a 
tungsten (0.1 micrometers thru/or 1 micrometer) before pasting layer 25a. Software baking processing is 
carried out and layer 25a is hardened. A device is not pasted up on layer 25a, a metal layer deposits on 
the underside of a VCSEL device, and a device is made to adhere to the metal pad formed in the front 
face of a substrate 12 of various metal bonding processes like ****. Next, ingredient layer 25b is formed 
on layer 25a. When ingredient layer 25b contains a fluorination polymer ingredient, software BEKU 
processing is carried out and it hardens. This process substrate is ground in order to remove the part of 
layer 25b which laps on a VCSEL device. (Tungsten) A polish stop layer protects a VCSEL device in a 
polish process. A polish stop layer is removed after a polish process. A production process advances the 
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procedure which begins from formation of the above-mentioned cladding layer 21 . The mirror 639 
shown in drawing 10 can be formed at any time, after a layer 24 is formed, and after a layer 23 is usually 
formed, it is formed. As already explained in full detail, a mirror cuts a layer 24 at the include angle of 
45 degrees in the field which laps on the bleedoff layer 638, and is obtained by forming the layer of a 
reflective metal or a refraction metal. Moreover, nonmetal coat-ized VCSEL (namely, VCSEL which 
does not contain an electrode) may be used instead of VCSEL by which metal formation was carried 
out. Electrode formation and other semi-conductor manufacture processes may be performed after an 
upside cladding layer is formed of an upside and bottom processing. In this case, it is used instead of the 
tungsten (W) layer covered by the front face of metal layer 25b being an electrode on VCSEL as a CMP 
stop layer. Since it is used in order that the same primitive operation process used in order to unify 
VCSEL and a mirror may manufacture a vertical mold photo detector, a vertical mold photo detector is 
preferably manufactured in the above-mentioned example. 

[0069] In the above-mentioned example of production, each component part is pasted up on a cladding 
layer 21 (or layer 25a to a VCSEL device) by ostensible arrangement. However, the component part 
according to these individuals may be arranged with the inside-out sense by adding the following 
modification. In the case of components 28, patterning of the layer 27 is carried out so that the 
connection pad from components 28 may be included, and components 28 have the electrode connected 
to the connection pad by metal diffusion bonding. It is patterning ****** so that a cladding layer 21 
may expose the contact of the lower layer 27 before that. When components 28 are joined in this way, it 
becomes unnecessary to prepare the elevated-temperature under- filling ingredient for preventing an air 
pocket in the bottom of components 28. Bahia is created to the path in a layer 27, in order to complete 
the electrical connection of components 28. It is as having already explained such formation of Bahia. 
[0070] Tuming components 28 over and arranging to a substrate has the following advantages, when 
components 28 are formed of the above-mentioned epitaxial Uft-off process. That is, the AlGaAs etching 
process used in order to remove components from a GaAs wafer is delayed until components are 
arranged inside out on a cladding layer 21. After the arrangement on a substrate 412, an AlAs etching 
process is performed in order to separate a bulk GaAs substrate from the epitaxial layer which holds 
components. In this way, since a GaAs bulk substrate offers the fiinction which supports photoelectron 
components in an arrangement process therefore, the need of it of using the polymer film, a glass 
substrate, or other substrates is lost. The whole GaAs wafer is arranged inside out at a cladding layer 21, 
or it turns out that the dicing of it may be carried out in order that a GaAs substrate may separate the 
components of each other according to individual first. Another advantage is that a device may be 
embedded after a waveguide formation process. Thereby, the amount of metal diffusion and device 
degradation are reduced. In the case of a VCSEL device, these processes are performed using layer 25a 
and the metal layer formed in the bottom of layer 25b. 

[0071] Another processing which unites a thin film device integrated object with waveguide is indicated 
by drawing 83 thru/or 90. As shown in drawing 83 , an epitaxial waveguide photoelectron layer grows 
on a GaAs substrate, metallization processing is carried out, and in order to form two or more 
photoelectron devices 620, patterning of it is carried out. A GaAs waveguide core layer has the pin 
waveguide core layer which has preferably a refractive index which is used for a spot-size conversion 
laser diode, and which becomes small gradually (for example, the shape of a core is made along the 
propagation direction of light), although a refractive index changes rapidly. An epitaxial film constitutes 
an electronic absorptivity optical modulator, a electron optics optical modulator, a photo detector, an 
optical gate device, an optical switch, a wavelength filter, a tunable filter, a wavelength converter, etc. 
by using much quantization wells or quantization dot structures. A metal contact layer is deposited on a 
front face with Au contact layer, and if needed, since the membrane surface of a tungsten is next down 
stream processing, a CMP process is stopped. The usual patterning technique is used for an up electrode 
and an epitaxial layer next, and patterning is carried out. 

[0072] As shown in drawing 84 , the epitaxial thin film containing a device 620 is moved to the transfer 
substrate for support (glass, recommendation, a Mylar, or other substrates) by the epitaxial lift off. 
Adhesion between the epitaxial Hft-off fibn and the substrate for support is performed by the base line 
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(Vaseline), a black wax or epoxy, poly IMIDE, a bonding sheet, thermoplastics, or adhesives like 
electroconductive glue. 

[0073] As shown in drawing 85 , after the lift off of the semi-conductor substrate is carried out, the 
epitaxial lift-off device 620 is moved on the bottom cladding layer 21 prepared in the substrate 12 made 
from glass, Xtal, Si, aluminum and AIN, or other various substrate ingredients. The epitaxial lift-off 
device 620 is attached in the bottom cladding layer 21 using a mechanism better known than the former 
including Van der Waals force and adhesive bonding. When a metal pad is formed on a cladding layer, 
since the epitaxial hft-off device 620 is attached, diffusion bonding, solder bonding, transient liquid 
bonding (TLB), and a wiring link technique (WIT) may be used. In this example, the front face of an 
epitaxial lift-off device is covered with a metal as shown for the example explained about dravdng 91 
thru/or 98. 

[0074] In order to form the three-dimension waveguide optically combined with the pin mold waveguide 
waveguide of an epitaxial lift-off partition, a core layer 24 and a cladding layer 23 are continuously 
formed using the above-mentioned liquid polymer coat process, as shown in drawing 86 . It is desirable 
to adjust the thickness of a core to under the thickness of the thickness of the pin mold semi-conductor 
film, an EQC, or the semi-conductor fihn, and to reahze strong optical coupling to a pin core layer. 
However, the non-uniformity and/or fluctuation with the slight thickness of the core near the edge of an 
epitaxial lift-off partition do not degrade the effectiveness of optical propagation remarkably. The 
reinforcement (namely, non-uniformity) of fluctuation may be reduced by using the gaseous-phase 
depositing method like CVD, MLD, and vacuum evaporationo poly metallization. If needed, in order 
that the front face of the deposited core layer 24 may raise surface smoothness and xmiformity, flattening 
of it is carried out by CMP. CMP is stopped by the tungsten (W) fikn of the upper part of the epitaxial 
Hft-off device 620. 

[0075] As shown in drawing 86 , the upside cladding layer 23 may be covered on a core layer 24. 
Thereby, some advantages are acquired. One advantage is that make a core layer in agreement with the 
height of a photoelectron device, or can thicken slightly, and the degree of freedom of a design becomes 
large. Moreover, since loss of light scattering is ground to the front face which stops and depends and 
has a imiform interface, the waveguide loss of a cladding layer 23 decreases. For example, the 
comparatively thick cladding layer deposited on the core layer 24 can be optically ground easily to the 
reverse sense to a smooth front face, and since optical field strength is typically smaller than a core layer 
24 in the direction of a cladding layer 23, the optical loss in the polish front face in a clad decreases 
rather than the case where a CMP polish front face is located in the interface of a core/clad, after a core 
layer 24 is hardened, the alternative upside cladding layer 23 covers - having ~ next, software - and it 
fully hardens. Since partial hardening of a core layer 24 makes the adhesion reinforcement between a 
core and a cladding layer increase, it is desirable. 

[0076] As shown in drawing 87 , patteming of the core layer 24 is carried out to the form of long and 
slender waveguide, next as shown in drawing 88 , another cladding layer 23' is formed around long and 
slender waveguide. As Bahia and an electrode 27 are shown in drawing 89 , even the electronic light 
device 620 is formed, next the substrate 12 for bottom clads is moved to another substrate, and as shown 
in drawing 81 , in order to produce the lower electrode 27 and Bahia, rear- face processing is performed. 
However, when metallization of a substrate and the bottom cladding layer 21 is performed before 
mounting of a thin film device, substrate clearance and rear- face processing are unnecessary. Before a 
barrier layer removes a substrate, it is attached in an another layer or an another substrate. This is 
suitable in order to acquire the stability on a dimension. If needed, the buffer polymer layer 613 is 
inserted between a substrate and a cladding layer, and metallization is performed to a buffer layer 613 
and a cladding layer so that it may be carried out in drawing 91 thru/or the example by 98. In the case of 
the example shown in drawing 91 thru/or 98, division of a device is performed after an epitaxial lift off 
and metallic coating. 

[0077] In order to decrease light scattering by the electrode of a device, another example by which 
thickness of a core layer is made thicker than the thickness of a device is shown in drawing 91 thru/or 
98. As epitaxial lift-off device 620* is shown in drawing 93 , it is attached in the pad formed in the 
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substrate 12, and a substrate 12 is formed on a buffer layer 613 and the dielectric tooth-space layer 614. 
The spacer layer 614 may be produced from the same ingredient as a cladding layer 21 . A cladding layer 
21 is formed using device 620' in a right location, next a core layer 24 is formed. The obtained structure 
is shown in drawing 94 . Distortion of a part arises in a core layer 24 in the short field arranged on the 
outskirts of an edge of epitaxial lift-off device 620*. For this reason, although optical loss of a certain 
kind arises, since overall optical loss has short dispersion length, it is small. In the example shown in 
drawing 91 thru/or 98, it is used in order to form a core and a bottom cladding layer so that, as for CVD, 
MLD, vacuum evaporationo metallization, or other gaseous-phase depositing methods, the smoothness 
of a core layer may be improved, in order to deal with this. 

[0078] Next, as are shown in drawing 95 , and patteming of the core layer 24 is carried out using one of 
the above-mentioned approaches, next it is shown in drawing 96 , a cladding layer 23 is covered. Bahia 
and the electrode which were formed in drawing 97 as already explained are shown. A device is 
removed fi^om a substrate 12, and as shown in dravsdng 98 , it is attached in suitable components. After a 
device is attached in suitable components, it is removed from a substrate 12. 

[0079] As drawing 83 thru/or 90 and drawing 91 thru/or 98 were explained, the thickness of the core of 
the epitaxial lift-off partition of an activity device is thicker than the thickness of other parts preferably. 
Thereby, high field strength is obtained with low operating voltage. Furthermore, capacity is reduced 
when the width of face of an epitaxial lift-off light core is reduced, as shown in drawing 74 . As this 
result, high-speed device actuation is obtained easily. 

[0080] Although Bahia connected to the epitaxial lift-off electrode is shown in drawing 90 and drawing 
98 , otiier connection methods may be used. It is also possible to form directly the electrode especially 
connected to the epitaxial lift-off electrode. Many modifications can be considered in the above- 
mentioned process. When the sensitive material hardened by the optical exposure is used with reference 
to drawing 86 thru/or 88 once again, CMP is not necessarily required. When the core layer is covered 
with suitable thickness as the result after a core layer is covered, waveguide patteming may be easily 
performed by pattem exposure. Flattening is carried out after an upside cladding layer will be formed, if 
required. The sequence of metallization is also changed. For example, CMP may be performed by 
marking a clad front face deposit the tungsten film of - 3000A n thickness before CMP, using the 
timgsten film as a CMP stop layer. In this case, the tungsten film on Au is imnecessary. Moreover, to the 
process shown in drawing 83 thru/or 98, the electrode of a thin film device may be produced after 
formation of an upside cladding layer, and by this example, after attaching in a cladding layer 21, 
patteming of the ttiin film device which is an epitaxial layer may be carried out. The metal diffiision 
problem produced during hardening of a core and a cladding layer is avoided by this. About these 
processes, it is later mentioned with reference to drawing 66 thru/or 77 and drawing 12 thru/or 21 . 
[0081] Although the above-mentioned example explains one epitaxial lift-off technique, this invention is 
deposited or formed on a substrate, and it is necessary to notice it about being applied to the optical 
ingredient or device of arbitration by which a lift off is selectively carried out from a substrate. An 
epitaxial lift off may be realized by using GaAs substrate etching including an aluminum 1-x Gax As 
dirty stop, or the layer which can be ALAs etched. However, a semi-conductor substrate is not limited 
only to GaAs. The epitaxial film relevant to InGaAsP can be used for the application of wavelength (- 
1.3micrometer thru/or -l.Smicrometer). The lift off of other ingredients may be carried out. For 
example, it is possible to make the film of high refractive indexes, such as Ti02, W03, SiNx, and Si, 
deposit on Si, a metal, or a substrate like a polymer, to remove a substrate by etching selectively, and to 
embed these film in the form by this invention. Therefore, instmction of this invention may be applied to 
the thin film material and device of the large range. As an example, when rare metal dope glass 
membrane is embedded, it acts as a light amplifier. You may also embed organic [ like the luminescence 
film, the optical refraction film, and the nonlinear optics film ], or the inorganic fiinctional film. The 
optical delay line constituted with the high refractive-index ingredient is embedded similarly. Therefore, 
this invention can offer the general-purpose method of integrating two or more optics optically. For 
example, you may also embed resistance, a capacitor, an ampUfier chip, and a driver chip. In the case of 
the electronic device manufactured on the silicon chip, polish is effective in order to decrease the 
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thickness of a chip instead of an epitaxial lift off An adhesion process is included in wearing of the 
epitaxial lift-off film at processes, such as many ingredients, metal diffusion and AuSn bonding, Pb 
bonding or a solder process, and WIT, TLB, and a list. 

[0082] All the processes and structures that were indicated during explanation of this invention are 
applied to a matrix optical switch including the waveguide switching for crossbar (XB AR) switching by 
connecting two or more parts of switch of the moved thin film by the polymer waveguide of the network 
structure. A switching element contains the optical gate device based on a total-intemal-reflection 
switch, a Mach TSUENDA switch, a digital switch, a directive coupler and a semi-conductor light 
amplifier, a waveguide filter, or a tunable filter. Since the active group plate equipped with the matrix 
optical switch function is realized, the approach of this invention may be used. 

[0083] The production approach of the active group plate of a high order is extended to various forms in 
order to produce a more compHcated photoelectron link system. For example, in drawing 22 , the above- 
mentioned active group plate 20 is horizontally attached to a back plane (or mother board) 100. A back 
plane 100 can produce an optical substrate by the production approach of the above-mentioned active 
group plate including the active group plate 20 and the optical substrate 120 of the dedication which has 
similar structure. In another example, the active group plate 20 is perpendicularly attached at a back 
plane (or mother board) 210, as shown in drawing 32 and 33. In still more nearly another example, the 
active group plate of each other is accumulated on both sides of the inclusion layer containing an 
integrated circuit chip in between, as shown in drawing 36 thru/or 38, drawing 80 and drawing 118 
thru/or 120. 

[0084] With reference to drawing 22 the 1st multi chip module structure of a system by this invention 
was indicated to be, horizontal mounting to the back plane (or mother board) 1 00 of the active group 
plate 20 is explained. A back plane 100 contains the active group plate layer 120 which has two or more 
optical waveguide 124a-124h formed in the interior using the bottom cladding layer 121, the core layer 
124 which patterning was carried out and was limited, and the upside cladding layer 123 so that drawing 
23 may show. For convenience, moreover, the back plane 100 in this example of explanation holds the 
active group plate 20 four same MCM (multi chip module) type, and each active group plate carries four 
IC chips so that generality may not be lost. In order to show the path of optical waveguide 124, since it 
is removed, two active group plates 20 in four active group plates in drawing 22 are not illustrated. As 
for each above-mentioned MCM active group plate 20, the V character ditch type optical connecter 13 
thru/or 15 are replaced by the corresponding vertical-type light couplers 44 and 48 including two or 
more vertical-type light couplers 154, 156, and 160 to which a back plane 100 transmits and receives a 
lightwave signal between the MCM active group plates 20. These modification is explained after general 
explanation of a back plane (or mother board) 100. 

[0085] In drawing 22 , the location of waveguide with the MCM substrate 20 bottom of the upper left 
and the upper right and a vertical-type coupler is the same as the location of waveguide with the MCM 
substrate 20 bottom of the lower left and the lower right, and a vertical -type coupler. The back plane 100 
the time (location of the upper left and the upper right) of the substrate 20 being mounted and when the 
substrate 20 is not mounted (location of the lower left and the lower right) is illustrated by these. 
[0086] The light source for back-plane 100 is generated by the luminescence device 136 which is which 
luminescence device 136 illustrated by drawing 7 thru/or 11. The output of the luminescence device 136 
is connected to waveguide 124a, and a path is made to the location where waveguide 124a adjoined the 
upper left MCM substrate 20. From this location, about 90 degrees waveguide 124a is bent, is wired 
under the upper left MCM substrate 20, and from it, it is extended so that it may pass through the bottom 
of the upper right MCM substrate 20. Between the luminescence device 136 and the upper left MCM 
substrate 20, waveguide 124a passes the level beam sphtter 164. The level beam 'splitter 164 distributes 
a part of light (for example, 50%) to waveguide 124b which intersected perpendicularly with waveguide 
124a. The structure of this level beam splitter 164 is explained in full detail after general explanation of 
a back plane 100. Waveguide 124b is led to the location where the lower left MCM substrate 20 is 
arranged, and a path is further made to the location where the lower right MCM substrate 20 is arranged. 
With the location dovra side of each MCM substrate, waveguide 124b passes the vertical beam splitter 
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154 which advances a part of Ught upward [ of the MCM substrate 20 ], and waveguide 124b is 
connected to waveguide 24a in the location using the vertical mold coupler 44 (refer to drawing 23 ) for 
reception. The structure of the vertical beam splitter 154 and the vertical mold coupler 44 for reception 
is explained in full detail after general explanation of a back plane 100. 

[0087] Waveguide 124c transmits a lightwave signal between the lower left MCM substrate 20 and the 
lower right MCM substrate 20. In order to receive a lightwave signal from a lower left MCM substrate, a 
back plane 100 contains the vertical mold coupler 160 for reception in the termination bottom of 24h of 
waveguides of an MCM substrate. The lightwave signal from the lower left MCM substrate 20 is 
vertically transmitted toward a back plane 100 by the vertical mold coupler 48 for transmission. This 
light is received by the vertical mold coupler 160 for reception of a back plane 100, and the vertical 
mold coupler 160 for reception bends only 90 degrees of this light, and advances it to the direction of 
waveguide 124c. Waveguide 124c transmits a lightwave signal to the vertical mold coupler 156 for 
transmission with the lower right MCM substrate 20 bottom. A coupler 156 bends 90 degrees of 
lightwave signals, and advances them at vertical facing up into the vertical mold coupler 44 for 
reception of the lower right MCM substrate 20. A coupler 44 receives light and is horizontally advanced 
into 24g of waveguides of bending and a substrate 20 only 90 degrees. The structure of the vertical mold 
couplers 44, 48,156, and 160 is explained in fiiU detail after general explanation of a back plane 100. 
Waveguide 124e is constituted like waveguide 124c, and transmits a lightwave signal to the upper right 
MCM substrate 20 from the upper left MCM substrate 20 in the same form using the same structure as a 
vertical mold coupler. 

[0088] The usual V groove connector 112 connects with an optical fiber 102 at one edge, and 124d of 
waveguides receives the lightwave signal on the fiber 102 from the external source by it. It connects 
with the 2nd vertical mold coupler 156 for reception at another edge, and the 2nd vertical mold coupler 
156 advances [d / of waveguides / 124 ] a lightwave signal up into the vertical mold coupler 44 for 
reception of the lower left MCM substrate 20. This vertical mold coupler 44 advances a lightwave signal 
to 24g of waveguides of the lower left MCM substrate 20. It connects with an optical fiber 103 at one 
edge through the V groove cormector 113, and 124f of the optical waveguides itself is connected to the 
3rd vertical mold coupler 156 at another edge. 124f of waveguides receives an extemal signal from an 
optical fiber 103. 

[0089] 124g of waveguides is connected to the 2nd vertical mold coupler 160 for reception at one edge. 
This vertical mold coupler 160 for reception receives a lightwave signal from the lower right MCM 
substrate 20, and advances it into 124g of waveguides. Another edge of 124g of waveguides is 
connected to an optical fiber 104 by the usual V groove connector 114, and the lightwave signal in 124g 
of waveguides is transmitted as an output signal of a back plane 100. It connects with the 3rd vertical 
mold coupler 160 for reception similarly (although not illustrated by drawing 22 , it is under the upper 
right MCM substrate 20), and 124h of optical waveguides is connected to an optical fiber 105 through 
the V groove connector 115. 124h of waveguides transmits an output signal to an optical fiber 105 from 
an upper right MCM substrate. 

[0090] Supply voltage is transmitted to the MCM active group plate 20 from a back plane 100 with the 
conductive pads 151 and 1 52, as shown in drawing 22 . A power source is distributed to a back plane 
100 by the conductive layer in the active group plate 120. The activity MCM substrate 20 increases so 
that the power-source pad to pads 151 and 152 with which it corresponded for connection may be 
included. A back plane (mother board) 100 has an electric path for transmitting an electrical signal 
between MCM modules. An electric path is formed in the layer insulated in dielectricity using Bahia in 
which even each coimection pad was formed. 

[0091] Instead of using an optical fiber, in order to transmit a hghtwave signal between an MCM 
module or a back plane, a "film waveguide array" or the array simply called a "waveguide array" may be 
used. Such waveguide is constituted by the thin flexible sheet of the polymer ingredient which has two 
or more optical waveguides surrounded by the charge of a clad plate, and usually possesses a vertical 
mold coupler to an end or ends. One edge of a waveguide array is pasted up on the field of a barrier 
layer 120 so that the vertical mold coupler in an edge may align with the vertical mold coupler to which 
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it corresponded in the layer 120. A fiber array or a imaging guide is also effective. It does not matter 
even if the source 136 of photoelectricity may be arranged at a photoelectron MCM substrate side or the 
source of photoelectricity is supplied by the external light source. When the source of photoelectricity is 
suppUed by the external light source, the active group plate of a back plane 120 has only waveguide, a 
mirror, and a grid reflector, and does not contain a photoelectron device. 

[0092] The beam splitter and vertical mold coupler of the MCM substrate 20 are explained to back-plane 
100 list with reference to drawing 23 thru/or 27 following general explanation of the structure of a back 
plane (mother board) 100. These drawings show that the base substrate 12 which is downward is 
removed from the active group plate 20, and optical coupling of the lightwave signal between a back 
plane 100 and the active group plate 20 is improved. The base substrate 12 is constituted by aluminum 
or silicon, glass, or the substrate ingredient in which other clearances are possible, and is removed using 
etching or other clearance approaches. Other metals and ingredients which can be etched may be used. 
In this case, the etching stop layer for protection is inserted between the base substrate 12 and the active 
group plate 20. Furthermore, in order to separate the base substrate 12 from the active group plate 20, a 
substrate dissociation technique which is indicated by U.S. Pat. No. 5,258,236 published by 
Arjavalingam etc. may be used. A transparence substrate, the polymer dissociation layer which may be 
exhausted by the laser beam applied through the transparence substrate, and the reflective metal layer 
formed on the polymer dissociation layer in order to protect the active group plate 20 from a laser beam 
are typically used for these approaches. Another approach uses the silicon wafer equipped with the 
alxuninum up layer thick as a substrate 12, and etches an aluminum layer into a longitudinal direction 
from the side face of a wafer (the protective coating was prepared in tiie top face of the active group 
plate 20). 

[0093] The sectional view of the vertical mold beam splitter 154 of a back plane 100 and the MCM 
substrate 20 of the back plane (mother board) 100 in the field of the vertical mold coupler 44 for 
reception of a substrate 20 and the upper left is shown in drawing 23 . A back plane 100 is constituted by 
by the base substrate 12, the conductive layer 151 which supplies the potential (Vc or gland) of one 
power source, the bottom clad 121, a core layer 124, the upside cladding layer 123, and the 2nd 
conductive layer 152 that supplies the potential (a gland or Vc) of the 2nd power source. As already 
explained, the same ingredient as layers 21, 23, and 24 may constitute layers 121, 123, and 125, 
respectively, moreover - a certain kind of case - layers 21, 23, and 24 ~ thermal stability ~ being low 
(for example, high processing temperature not being borne like epoxy and acrylate) ~ the ingredient 
with which optical transmission loss was reduced may be used for layers 121, 123, and 124. The vertical 
mold beam splitter 154 is formed in the pass of waveguide 124b, and forms the optical grids structure 
155 which has various structures in the conventional technique so that it may be well-known. A grid 155 
has the repeat structure of an optical ingredient of having a different (it being small or it is large) 
refractive index from the refractive index of waveguide 124b. When incident light shines upon the 
ingredient of a grid 155, a part of light is perpendicularly reflected from the front face of a grid 155, and 
a part passes a grid 1 55. It depends for the ratio of a reflective part and a transparency part on a grid 1 55, 
the difference of the refractive index of core materials 124, and the count of the repeat in a grid at this 
time. In order to realize 90-degree angular difference between incident light and the reflected light, a 
part of front face of a grid 155 makes the include angle near 45 degree to the pass of optical waveguide 
124b at least. Since a grid 155 is detached so that the phase of the echo from a front face may carry out 
abbreviation coincidence, the echo from each grid is added in configuration, in order to build the light 
beam transmitted to the active group plate 20. Generally, spacing of this grid is one wave of order of 
light, as measured with ingredients 124 and 155. Lebby In order to manufacture such grids structure, the 
approach of etching a 45-degree trench into a polymer ingredient is indicated by U.S. Pat. No. 5,1 16,461 
otherwise published. After the etched structure is formed, it fills up with the ingredient which has a 
different refractive index. The amounts of a slight light reflected up are the number of grids, and a 
function with the difference of a refractive index, and are calculated by this contractor using well-known 
photometric analysis. 

[0094] In the overall height of waveguide 124b, the known grid structure of the number of arbitration 
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can be used, and it does not need to spread [ a grid 155 needs to continue and ]. When waveguide 124b 
is made from photosensitive core materials, the part corresponding to the grid section 155 is removed in 
it by the optical exposure using an interference pattern which is generated by the holographic means. In 
the same form, such an exposure is used with optical refraction core materials. Moreover, the repeat grid 
structure of other types which are indicated by U.S. Pat. No. 4,806,454 may be used. Or instead of using 
a grid, since the same function which turns a part of light up and is reflected vertically is reaUzed, a 
semitransparent mirror (for example, chosen so that the reflection factor by which thickness and/or a 
presentation were controlled may be realized), or a multilayer dielectric filter may be used. 
[0095] As for a part of light perpendicularly reflected from the grid 155, even a substrate 20 passes the 
ball of the optical adhesives ingredient 153. optical adhesives ~ the refractive index of core materials 
124 and 24 — becoming — having approached (for example, refractive index near [ refractive index / n= 
1 / of air ] whether you are Haruka) — it has. Optical adhesives raise the transmission efficiency between 
a back plane 100 and the active group plate 20 by decreasing the magnitude of a wave reflected. 
Instantiation-adhesives are reference:NORIO. It is indicated by MURATA, "Adhesives for Optical 
Devices", and 48th electro nick component - and - technology conference (ECTC, May 1998). The poly 
IMIDE ingredient may be used. Or the refractihty adhesives based on JP,9-157352,A, JP,8-320422,A, 
JP,7-077637,A, and the refractility compound currently indicated by Europe disclosure patent EP- 
689,067-A may be formed. The self-condensing beam effectiveness (SOLNET) indicated by the Europe 
patent application EP-No. 689,067 description may be used in order to form vertical waveguide in the 
body of the optical adhesives formed between substrates. In this process, since some ingredients which a 
light beam passes first have the refractive index raised by the light beam, core materials are made from a 
part of this ingredient, and the remaining part of this ingredient acts as a charge of a clad plate. Thereby, 
self-alignment mold vertical optical waveguide is produced. The initial beam of light is given by 
external impression of the write-in light beam which was supplied through one waveguide or was sent 
from the one side of optical junction. Furthermore, it is effective to give the light from both waveguides 
or the beam from optical junction [ both ] side. 

[0096] In order to raise optical coupling rather than the case where an ingredient does not exist between 
substrates in addition to Ihese selectable range, the conventional bonding sheet or conventional under- 
filling ingredient of a large number which have a refractive index very near the refractive index of 
waveguide may be used. The vertical mold coupler 44 of the active group plate 20 is constituted like the 
optical waveguide connected to the output of a VCSEL device which was explained with reference to 
drawing 9 . Optical Bahia 45 forms aperture into Layers 25a and 25b and a cladding layer 21 using 
laser-beam-drilling processing, laser melting, or plasma etching (preferably, after hardening, carried 
out), and is formed by filling up such aperture with core materials common when a layer 24 is formed. 
Next, mirror structure is produced by forming a bevel front face in waveguide as above-mentioned, and 
forming the layer of a reflective metal or the charge of a reflector on a bevel front face. In a case of a 
certain kind, optical Bahia is [ like / when the optical absorption multiplier of Layers 25a and 25b is 
small enough ] unnecessary. Since the acid-resisting (AR) film decreases the echo of light, it may 
deposit on the surface of a substrate. 

[0097] The sectional view of the MCM substrate 20 of the back plane (mother board) 100 in the field to 
which optical waveguide 124e touches the vertical mold coupler 156, and the upper right is shown in 
drawing 24 . The vertical mold coupler 156 contains the layer 158 of the reflective metal formed in 
some [ 157 ] beveled structure edges of an ingredient layer. This beveled structure is formed of the 
RITOGURAFIKKU exposure which uses laser (laser which has include angle leaned 45 degrees to 
ingredient layer is used) melting, laser (for example, laser which carried out tilt at include angle of 45 
degrees is used as indicated by U.S. Pat. No. 5,1 16,461) auxiliary plasma etching, or the leaned 
substrate. The desirable laser melting approach which forms the cut end of beveled structure is explained 
in full detail with reference to drawing 99 thru/or 110. 

[0098] The vertical mold coupler 156 can also be included in the processing step which is formed in a 
normal location and forms the active group plate 20 explained with reference to drawing 12 thru/or 19. 
Such a step is explained in instantiation after explanation of other optical couplers. The sectional view of 
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the back plane 100 in the field which carries out termination to drawing 25 within the vertical mold cup 
48 for transmission which has 24h of optical waveguides of the active group plate 20 on the vertical 
mold coupler 160 for reception of a back plane 100, and the upper left MCM active group plate 20 is 
shown. The vertical mold coupler 48 for transmission has the same configuration as the vertical mold 
coupler 44 for reception shown in drawing 24 except for the sense of a mirror layer 46. The vertical 
mold coupler 160 for reception has the same configuration as the vertical mold coupler 156 for 
transmission shown in drawing 24 except for the sense of a mirror layer 158. Instead of using the 
couplers 156 and 158 by the side of a back plane, it needs to be cautious of the couplers 44 and 48 by the 
the side of a back plane being used. 

[0099] Moreover, it is necessary to notice the grids structure of the vertical mold beam splitter 1 54 about 
the point which can be used with the grid 155 of the suitable sense instead of the vertical mold couplers 
156, 160, 44, and 48 of arbitration. In such structures, the reflected light increases about the transmitted 
light by choosing the ingredient which has a large difference in a refractive index. Or in order to realize 
total reflection, a mirror may be used instead of a beam splitter 54. 

[0100] The plan of the horizontal-type beam splitter 164 is shown in drawing 26 , and the sectional view 
is shown in drawing 27 . The structure of this horizontal-type beam splitter 164 is similar with the 
structure of the vertical mold beam splitter 154 except for the point arranged at the sense from which a 
grid differs as shown by the number 165. Since it is not leaned to the front face of a core layer 124, a 
grid 165 can be manufactured more easily than a grid 155. It is used in order that the aperture for grid 
165 in easy anisotropy plasma etching or laser melting of a core layer 124 may be formed using a metal, 
photoresist mask (plasma etching), or dielectric multilayer mirror (laser melting). 
[0101] Next, with reference to drawing 99 thru/or 108, the desirable laser melting approach which forms 
the beveled structure cut section using the inclined laser which collides with a shadow mask by 
whenever [ tilt angle / of 45 degrees ] is explained. According to this desirable bevel cut approach, the 
beveled structure mirror aligned in the desirable direction of waveguide of arbitration is manufactured. 
Moreover, this desirable bevel cut approach can pattemize the different bevel cut direction on the same 
wafer. 

[0102] In the 1st step, as shown in drawing 99 , a metal or the mask [ exhausting / dielectric ] layer 810 
is deposited on the polymer waveguide substrate 20. The polymer waveguide substrate 20 has a cladding 
layer and a core sublayer, and may contain other components selectively. Pattern NINGU of the mask 
[ exhausting ] layer 810 is carried out at a lithography type using aperture 811, and all mirrors are 
formed eventually. It is used in order to choose the aperture from which the additional metal shadow 
mask 820-1,820-2,820-3 and additional 820-4 are removed in the specific cut direction in order to 
decrease the patterning number of steps of a required lithography type. A shadow mask 820 is a block or 
a part of dark aperture 811 preferably. Preferably, a shadow mask 820 contains the slightly larger 
aperture 821 than the lithography type aperture 811 which should be removed at a specific step 
[ exhausting ]. A shadow mask 820 contacts a wafer front face directly, or is arranged up slightly [ a 
wafer front face ]. 

[0103] In the 1st bevel cut step, the metal shadow mask 820-1 is arranged on a wafer in order to protect 
a part of desirable aperture 81 1 by which pattern NINGU was carried out at the lithography type. With 
reference to drawing 100 , one edge of each irradiated lithography type aperture 81 1 is covered by 
homogeneity with the mask [ exhausting ] 810 during exposure of the polymer layer by the excimer 
laser beam 830, and a substrate 20 and laser 830 can determine the sense relatively so that the edge of 
another side may be cut. That is, in the aperture of the exposed mask [ exhausting ], the profile of an 
illuminance fixed as a function of the depth of a trench forms the field of the shape of a parallel pipe, 
and the inclination to the field normal of the trench of the parallel pipe is the function of the tilt angle of 
laser. Since a mirror plane including the effectiveness of refraction and diffraction is formed, a substrate 
20 and laser 830 can decide the sense mutually to form the aperture wall which has the include angle of 
about 45 degrees to the field normal (namely, the top face and underside of waveguide) of the bottom of 
waveguide, a laser beam moves a laser beam or a substrate - or the front-face top of a shadow mask and 
a substrate is scanned with the combination of both migration. A laser beam is fully broad, and such 
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migration is unnecessary when the whole substrate field can be covered. Such a scan method is called 

"MUBINGU neon ablation" or the NMA method. However, the laser of other types may be used. Laser 
radiation forms the parallel pipe-hke trench 840 which has whenever [ wall-angle / of 45 degrees ] on 
two side faces within the aperture which is not covered as a result of the shielding effect of the RISOGU 
graphic mask layer 81 1, as shown in drawing 101 as 840-1. However, the shadow mask 820-1 is 
removed in this drawing. This process changes the sense between the field normal of a substrate 20, and 
laser 830, it arranges the 2nd shadow mask on a front face in order to expose other aperture, and it is 
repeated by deciding the sense of a sample suitable for another direction. Among the drawing, in order 
to distinguish these directions, the sense of 1 thru/or 4 is assigned to the edge of a substrate. For 
example, in order to form the beveled structure cut section on two another side faces, 90 degrees of 
samples rotate fixing laser 830, as shown in drawing 102 , and they are again exposed using a shadow 
mask 830-2 which is different as shown in drawing 103 . The inclined trench 840-2 obtained by this is 
shown in drawing 104 . By repeating this process, the mirror plane equipped with the cut direction and 
location of arbitration is formed. This is shown in drawing 105 thru/or 110, and two additional steps 
[ exhausting ] which use two additional shadow masks 820-3 and 820-4 are expressed with the 
corresponding trench 840-3 and 840-4. 

[0104] The same process [ exhausting ] is changed in order to realize a vertical side attachment wall 
similarly. Electric shielding is not produced by setting a beam to the sense vertical to the front face of a 
mask [ exhausting ]. Therefore, a laser beam advances into aperture in the direction of a right angle, as 
shown in drawing 1 1 1 thru/or 113, and a shadow mask 820-4 is used in order to form not the inclined 
side-attachment- wall cut section but a vertical side attachment wall. 

[0105] Drawings 114 and 115 are the plans and sectional views of the comer rotating mirror 850. In the 
field of integrated optics, a vertical side attachment wall is used in order to make another coplane 
waveguide tumed in the direction which is formed from the same barrier layer and is different deflect 
waveguide mode as shown in drawings 114 and 1 15, so that it may be well-known. When forming the 
comer rotating mirror 850, it is effective to use a 45-degree reflector according to 90-degree angle of 
reflection, in order to deflect waveguide mode horizontally. It depends for the effectiveness of a comer 
rotating mirror on the plumbness of a mirror plane like common knowledge in the field of integrated 
optics. Since the mirror plane of trath is [ a mirror ] vertical, even when only abundance has shifted, 
effectiveness falls remarkably. Therefore, though RIE is used in order to form a comer rotating mirror, it 
is more smooth, and since the laser melting approach has the capacity to give the good mirror plane of 
perpendicularity, it is a desirable approach. 

[0106] with reference to drawing 114 , the Ught in the 1st waveguide partition 851 is reflected in the 
inside inside and the 2nd crossed at right angles in the 45-degree mirror plane 850 and which is boiled 
waveguide 852. A mirror is preferably constituted by a part of waveguide etched in the direction of a 
normal on the front face of a wafer. The etched front face is etched in the whole region of a core layer 
24 and a cladding layer 23, and a part of layer 21 in order to realize the echo of a perfect light from the 
1st waveguide partition 851 substantially to the 2nd waveguide partition 852 preferably. However, since 
an activation reflection factor decreases when a perfect echo is not required, a mirror should just be 
selectively etched by the outside cladding layer. As shown in drawing 115 , after the polymer cladding 
layer 23 and a core layer 24 are removed, a side attachment wall is covered with the reflective surface of 
metal 853, next an upside cladding layer deposits it. This substrate is removed later if needed. 
[0107] The mask stmcture from which a large number differ is used for a laser melting process. The 
reflective multilayer dielectric mask other than a metal mask may be used. A multilayer dielectric mask 
contains the ingredient which has a low rate of optical absorption on the frequency of excimer laser. 
Moreover, the dielectric constant of a multilayer dielectric, i.e., a refractive index, and the thickness of a 
layer are chosen so that a mask may reflect light efficiently on a excimer laser frequency. Generally, the 
mask exhausted at a rate very lower than a polymer layer is used, a multilayer dielectric lithography 
mask - dramatically — thin ~ an edge - since resolution is raised, it is desirable. Since a laser melting 
process irradiates a large area preferably, it includes a means to change a beam to a sample. The 
movable stage for making a beam scan or a general technique like optical system is used for this object. 
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Excimer laser is desirable laser and may use other ultraviolet laser like a THG-YAG laser or a FHG- 
YAG laser. Gas [ exhausting ] like helium may be used as support. 

[0108] Many same principles are used in a reactive-ion-etching (RIE) process. It deposits on the surface 
of a substrate, and patteming of the RIE mask is carried out so that aperture may be formed. An 
additional shadow mask is used in order to protect a part of aperture from RIE. Directivity RIE makes 
ion coUide on a substrate at the inclined include angle. Since electric shielding of ion is similarly 
performed by the mask, the inclined side attachment wall is generated. In this way, a RIE process is used 
for the above-mentioned process shown in drawing 99 thru/or 1 13 instead of a laser beam, and it is 
repeated. 

[0109] Drawings 116 and 117 are the plans and sectional views of another example of the waveguide 
coupler possessing a 45 -degree waveguide mirror. Fluorination poly IMIDE or a waveguide cladding 
layer 21 like ultraviolet curing possible epoxy is first deposited on the substrate in which clearance like 
an aluminum substrate is possible. Next, a core layer 24 deposits. Patteming of the core layer 24 is 
carried out into waveguide. The upside cladding layer 23 is deposited on the core layer 24 by which 
patteming was carried out. Next, in order to form a mirror / coupler front face, patteming of a core layer 
24 and the cladding layer 23 is carried out using RIE or laser melting. As shown to drawings 107 and 
108 by the number 853, metallic coating of the front face is carried out. Clearance of a substrate is 
performed after the film is attached in an another substrate or the another film. Moreover, while a 
substrate is removed, other modifications like formation of an electric contact pad and beer may be 
carried out. An alternative buffer and a passivation layer may be added. As long as it is required, a 
mirror may be formed after a core layer 24 is formed before deposition of the upside cladding layer 23. 
[0110] The fabrication of the vertical mold couplers 156 and 160 as shown in drawing 21 thru/or 27 is 
easily incorporable into the fabrication process which produces the optical switch 26 explained with 
reference to drawing 12 thru/or 19 as above-mentioned. This additional process is shown in drawing 28 
thru/or 31. With reference to drawing 28 , when forming the lower electrode 27 of the switch device 26, 
the lower metal patch 159 is simultaneously formed for a vertical mold coupler. The metal patch 159 
fiinctions as a barrier layer to laser-beam-drilling processing, next laser melting, or a next plasma- 
etching process, and is prepared mainly in the location where a laser beam collides with a layer 121 at a 
consecutive etching process. Next, the same ingredient layer 157 as a layer 626 is formed, and the up 
metal mask layer 161 which has the aperture by which the beveled structure cut section is produced is 
formed. Next, inclined etching is performed in order to form the inclined aperture 162 and the beveled 
structure edge for a vertical mold coupler. The process of laser auxiliary plasma etching using the 
MUBINGU neon ablation (MNA) explained with reference to laser melting and drawing 99 which were 
already explained thru/or 113, and the inclined laser, plasma etching using the inclined substrate, or the 
usual plasma etching using the mask with which the point becomes thin may perform inclined etching. 
A layer 161 functions as a dirty mask for this process by preparing the aperture which the laser beam 
which collides with a layer 626 passes in order to form the inclined trench. In MNA, the 2nd mask is 
used, and melting is performed repeatedly, changing an include angle. When an ingredient is 
photosensitivity, the inclined cut section is formed by irradiating a substrate, next developing the actinic 
rays to which the sense was leaned to the front face of a substrate. Since a layer 161 acts as a portable 
conformal mask (PCM), uniform exposure to actinic rays is performed. The result of this process is 
shown in drawing 28 . 

[0111] With reference to drawing 28 , a layer 161 is removed and the combination layer 627 of 
corrosion stop / polish stop is formed on the front face of a substrate like the above-mentioned process. 
Then, the mirror metal 158 for vertical mold couplers is formed on a layer 627, and both layers are 
simultaneously formed by the standard pattern etching process which passes along the photoresist layer 
by which patteming was carried out. Next, a substrate is the already explained approach and an 
anisotropy processes a polymer ingredient in a standard plasma-etching process selectively. Such plasma 
etching is well-known in the conventional technique. The result of these processes is shown in drawin g 
29 . Next, as shown in drawing 30 , a core layer 124 is formed on a substrate and hardened. Finally, a 
substrate is ground by chemical machinery polish like the above-mentioned approach. The obtained 
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substrate is shown in drawing 31 . Typically, the topmost part of the mirror ingredient 158 is removed 
more easily than the polish stop layer 627. Processing of a substrate is resumed from the already 
explained process which was shown after the polish process at drawing 16 . As an altemative process, 
the upside cladding layer 123 is formed after a beveled structure partition, and has the aperture filled up 
with the same ingredient as core layer 124b. Generally, light does not need to etch a cladding layer 123 
in the location perpendicularly reflected from core materials. The reason is that the light which comes 
outside collides with a cladding layer at the include angle of 90 degrees of larger abbreviation than a 
critical internal reflection angle. However, when a part of cladding layer exists above a mirror, a part of 
light is reflected, loss of the corresponding effectiveness arises, and the amount of Ught reflected 
increases while the difference of a refractive index becomes large. 

[0112] It is desirable to transform the process which reduces the waveguide loss accompanying light 
scattering relevant to the boundary granularity of a CMP polish front face. In the core layer coat process 
shown in drawing 30 , since an altemative cladding layer improves smoothing of the interface near a 
core layer, it may be covered on a core layer. After a core layer is hardened (to partial or completeness), 
an altemative cladding layer is covered and software and perfect hardening are performed. When only a 
few is thicker than the height of a photoelectron device, a polished surface has the thickness of a core 
layer in the altemative cladding layer on a core layer. This two-layer approach improves flat [ of the 
boundary between a core layer and a cladding layer ]. It is because the cladding layer with the 
altemative reason is ground to a common flat surface and light-scattering loss is decreased potentially, 
moreover, a polished surface is [ in a cladding layer ] quite long - continuing distance (for example, 
thousands of A or more), as the result, it is reduced in a polished surface and optical reinforcement 
decreases scattering loss. Therefore, as for the thickness of a core layer, it is desirable to choose so that it 
may become a photoelectron device except an up metal or under the height of an ingredient. The reason 
is that altemative clad layer thickness is defined by selection of the thickness of an up metal. Or light- 
scattering loss is reduced when a CMP process is applied not after formation of a core layer but after 
formation of an upside cladding layer. Another approach applies a CMP process to neither a core layer 
nor an upside cladding layer. The front face which is not a plane is obtained by this, if needed, this front 
face forms a flattening layer on an upside cladding layer, and, subsequently flattening is carried out by 
performing a CMP process on a flattening layer. 

[0113] This manufacture process is fiirther changed, in order to skip the CMP polish process of making 
main interfaces producing light-scattering loss. In order that the sensitive material hardened by the 
optical exposure may carry out patterning of the waveguide, when being used, CMP is not necessarily 
the need. After the process shown in drawing 30 , when a core layer is covered with the sensitive 
material of suitable thickness (i.e., when it is near the height of the photoelectron device / ingredient 
except an up metal, or under height), waveguide patterning may be performed by optical pattern 
exposure. Although the waveguide by which patterning was carried out crosses a part of 45-degree front 
face of a reflector, in case the guided light is reflected by this, the function is not barred remarkably. The 
ftirther flattening layer is applied after an upside cladding layer is formed if needed. 
[01 14] The process which forms a beveled structure mirror plane is performed after an up cladding layer 
is formed on a core layer. Since the wave which dissipates may be reflected in this example, total 
reflection is predicted. That is, since it can etch through an upside cladding layer and a core layer and 
can etch through a part of bottom cladding layer at least, all optical modes are interrupted in a mirror 
plane, and a mirror plane is reflected. The part in optical mode power exists typically as everyone knows 
as a "tail" which dissipates in a clad field in the field of integrated optics. In ttiis way, the effectiveness 
of the mirror in reflective mode is somewhat improved, when a mirror plane spreads through an upside 
cladding layer and a bottom cladding layer. 

[0115] The link substrate containing a barrier layer is mounted at right angles to a back plane (or mother 
board), with the edge of an interconnect substrate, it is transmitted and received, and a lightwave signal 
is received and transmitted on the surface of a back plane. One example of the structure 200 by which 
two or more link substrates, i.e., photoelectron multi chip module substrate 10", were mounted in the 
vertical sense by the back plane 210 is shown in drawing 31 and 32. Although MCM substrate 10" is 
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manufactured in the above-mentioned MCM substrate 10 and the same format as 10', almost all the 
waveguides that transmit the signal which frequents MCM substrate 10" are connected with the edge of 
the substrate which touches a back plane 210. A back plane 210 contains two or more waveguide 224a- 
224g formed in the base substrate 212, barrier layer 120", and barrier layer 120." Waveguide 224a-224g, 
it is used in order to transmit a lightwave signal between MCM substrate 10." When being used in order 
to transmit a lightwave signal instead of an optical switch device (for example, modulator) being a 
luminescence device, the source of extemal photoelectricity is used. In order to establish the external 
light source, the source board 280 of photoelectricity which communicates with a back plane 210 like 
MCM substrate 10" as an example is used. In this case, the source of the optical power suppUed on the 
source board 280 of photoelectricity is transmitted waveguide 224a-224g. A power-source board 
contains two or more laser diodes LD. The output of a laser diode LD is delivered by the waveguide of a 
board 280, and the waveguide of a board 280 is connected with the edge of the board which adjoined the 
back plane 210. The output of two or more laser diodes LD makes the power level within waveguide 
increase, and/or by the same waveguide, the light of the wavelength of two or more pieces is combined 
with a Y shape composition vessel, addition or in order to carry out multiplication. This is shown by two 
laser diodes LD of the center on a board 280. The wavelength of much light is mutually separated by the 
grid filter constituted like the above-mentioned grid beam splitter. A grid filter may be realized by 
forming a dielectric multilayer filter instead of a metallic reflective layer at a certain kind of case. 
Demultiplexing of a multiple wave length signal is performed on MCM or a back plane. A board 280 is 
constituted like the MCM substrate 10 and 10*. 

[0116] in order that a vertical mold coupler like a coupler 160 may combine a lightwave signal for a 
lightwave signal between waveguide 224a-224g of the back lane 210, the waveguide of a photoelectron 
MCM substrate, and the power-source board 280 — barrier layer 120" of a substrate back plane — it is 
prepared inside. Other optical couplers like couplers 154 and 156 shown in drawing 23 -24 may be used, 
and a mirror may use the coupler same type like the couplers 44 and 48 currently formed in the edge 
section of a core layer and a cladding layer. The sectional view of the system structure object 200 is 
shown to drawing 33 by the field in which forefront photoelectron MCM substrate 10" adjoins a back 
plane 210. By drawing 32 , the detail with which substrate 10" seems to adjoin a back plane 210 is 
omitted for visual intelligibility. The detail with which substrate 10" seems to adjoin a back plane 210 is 
shown in drawing 33 . Barrier layer 20of MCM substrate 10"" is separated from the base substrate 12 
along with the edge in the location where substrate 10" contacts a back plane 210. There are some 
advantages in this structure. It can stabiUze and hold by the receptacle 225, without adding the base 
substrate 12 of substrate 10" to the 1st, and adding breakage to waveguide at the edge of substrate 10." 
The edge of a substrate can be wired and electric path 30' of the top face of a substrate 12 can be 
mechanically connected [ 2nd ] now to the usual electrical connector 226 in a receptacle 225. It becomes 
unnecessary therefore, to form Bahia which passes along a substrate 12. When a substrate 12 is 
constituted by the multilayer electrical-and-electric-equipment substrate, generally Bahia is prepared. 
Each electrical signal on a connector 226 is sent to the connection pad 232 to which the back plane 210 
corresponded with each wire 227 and the connection pad 228. The connection pads 228 and 232 are 
soldered to one, transmit an electrical signal, a gland, and a power source, and also in order to attach a 
receptacle 225 in a back plane 210, they are useful. 

[01 17] separating barrier layer 20" from a substrate 12 as the 3rd advantage — the waveguide of layer 
20" ~ layer 120" of a back plane 210 ~ it may be made to come to align more with an inner vertical 
mold coupler (for example, coupler 120) at accuracy Poor large ahgnment produces a substrate 12 
between waveguide and a vertical mold coupler by this distortion, including several microns distortion 
in many cases. The top face of a back plane 210 is equipped with the 2nd receptacle 235, and it is 
arranged in a more exact location to the vertical mold coupler in a back plane 210 (for example, coupler 
160). When MCM substrate 10" is inserted in a receptacle 235, barrier layer 20" is guided into the 2nd 
receptacle 235, and comes to be able to carry out alignment to X shaft orientations dramatically to a 
vertical mold coupler by the flexibility of barrier layer 20" at accuracy. The definition of system of 
coordinates is shown in drawing 32 . In order to maintain the insulator bridge 237 at the condition of 
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having estranged layer 20" from the substrate 12 about the direction of X, it is used by MCM substrate 
10." In order to align waveguide about the direction of Y at accuracy at a vertical mold coupler, a 
receptacle 235 includes a slot 239, as shown in drawing 33 . The long side of a slot 239 is parallel to a Z 
direction, as for MCM substrate 10", a key 238 is formed on the top face of barrier layer 20", and a key 
238 suits in the form where it nestles up in a slot 239. In order to obtain the optical coupling excellent in 
the Z direction, a small amount of optical adhesives or a liquid refraction ingredient is arranged at the 
bottom of a receptacle 235, and is dried to viscosity or an adhesive condition, and the edge of barrier 
layer 20" contacts the layer of optical adhesives, and is pasted up on the layer. By contacting the edge of 
barrier layer 20" in a layer 123 soon, in order to obtain comparable good optical coupling substantially, 
the need of optical adhesives is lost. If needed, in order that an antireflection film may raise barrier layer 
20" and the optical coupling of 123, it is applied to both layers. 

[0118] Being used in order that the conventional optical coupler may combine waveguide with a back 
plane 210 from MCM substrate 10" is admitted. Since connection of this type can use the connector 
marketed, it is convenient. In this case, two or more connections per waveguide are needed, it originates 
in the optical insertion loss of a coupler, and optical loss increases. With reference to drawing 33 , the 
1st waveguide connector is attached in the edge or front face of barrier layer 20", and, on the other hand, 
the 2nd waveguide connector is attached in the front face of a layer 123 near the vertical mold coupler 
160. The 1st and 2nd connectors may be combined in one. However, the optical loss relevant to 
transition exists in every boundary of waveguide and a connector, and a list for every boundary of a 
connector and a connector, moreover, a lightwave signal and the source of photoelectricity — the 
conventional V groove connection 1 12 or a conventional field normal connector barrier layer 20of 
substrate 10"" — it is admitted that MCM substrate 10" is supplied through the optical fiber 102 
connected to inner waveguide, fihn waveguide, an optical fiber array, or a imaging guide. 
[01 19] In drawing 33 , on each substrate 12 and 212, barrier layer 20" and 120" consider the case where 
it is produced soon, and are illustrated. However, as shown in the example of drawing 34 , barrier layer 
20" and 120" are produced independently, and it is admitted that each substrate or a printing substrate 
may be pasted. According to this approach, a technique which is different in order to produce an electric 
link and an optical link can be used. Moreover, MCM substrate 10" can separate barrier layer 20" from a 
substrate 12 easily with the edge in contact with a back plane 120. In the case of the example shovm in 
drawing 33 , barrier layer 20" is produced on a substrate 12, and the patch for electric anticorrosion of an 
ingredient is arranged on a substrate 12 along with the edge into which layer 20" should be separated 
from a substrate 12, before barrier layer 20" is formed. After layer 20" is formed, the patch for electric 
anticorrosion is etched by the longitudinal direction from an edge. 

[0120] IC chip is closed as the further invention based on an active group plate technique by the 
dielectric fihn with which the contact pad was formed in the film front face for the installation to an 
active group plate. In order for this to form the three-dimension multi chip module which has the link of 
both an electric link and an optical link, it becomes possible to carry out tiie laminating of IC chip layer 
and the active group plate layer by turns. 

[0121] The abbreviation sectional view of the chip layer 350 attached in the active group plate 320 is 
shown in drawing 35 . In this example, two chips 351 and 352 are closed by the dielectric film, and the 
active group plate 320 is constituted by the VCSEL emitter device 336 and the photo detector device 
328. The laminating of the chip layer 350 is carried out to the active group plate 320 with the anisotropy 
conductivity film 302. Such fihn is well-known in the conventional technique. The VCSEL emitter 
device 336 is controlled by the chip 351, and transmits a lightwave signal to the vertical mold coupler 
344 in the active group plate 320. Waveguide 324a is connected to the vertical mold coupler 344. 
Waveguide 324a transmits a signal to the vertical mold coupler 348 for transmission, and the vertical 
mold coupler 348 for transmission advances a lightwave signal to the direction of the light-receiving 
device 328. The electric generating power of a light-receiving device is connected to the circuit on the 
2nd chip 352. The chip layer 350 and the active group plate 320 transmit an electrical signal mutually 
through the contact pad 332 which countered, and have the electric path 330 and electric Bahia 333. The 
contact pad 332 of each other is connected through the ball of the conductive ingredient distributed in 
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the anisotropy conductivity film 302. Since the electrical connection obtained with a pad 332 makes 
connection of the perpendicular direction instead of the direction of a x axis within the field of a 
substrate, or y shaft orientations, it is often called z-axis connection. 

[0122] The structure of an active group plate is roughly shown for visual conciseness. The fundamental 
layer system of this active group plate is the same as the structure in the 1st example of the above- 
mentioned multi chip module system, and an active group plate assumes the case where it is produced 
by the already explained making process. Moreover, the relative size of the activity components to a 
chip and a pad is expanded and displayed. VCSEL and a photo detector (PD) are expanded. The 
example of structure with detailed IC chip layer and the production approach is explained below. 
[0123] An adhesive bonding sheet may be used instead of joining IC chip layer 350 to the active group 
plate 320 using an anisotropy conductivity ingredient. In order to join the electric pad 332 of a layer 350 
to the pad 332 of a substrate 320, the hole with which it passes along a bonding sheet at the location of a 
pad (for example, pre punching etc.) is made, and a conductive bonding agent is prepared on 1 set of 
pads. The laminating of a substrate 320 and the layer 350 is carried out by heat and the quiet pressure in 
one. moreover, it applies on November 13, 1998, and the name of invention is "Multilayer Laminated 
Substrates with High Density Interconnects and Methods of Making the Same", and carries out 
inheritance to the applicant of this application - having - an artificer - Hunt Jiang, Tom Massingill, 
Mark McCormack, and MichaelLee it is - the [ United States patent application ] - the multilayer 
laminating process indicated by the No. 09/192,003 description may be used. Furthermore, it applies on 
December 1, 1998, and the name of invention is "Condutive Composition", inheritance is carried out to 
the applicant of this apphcation, and an artificer may use the soldering paste which does not contain the 
gas indicated by the United States patent application/[ 09th ] No. 203,126 description which are Hunt 
Jiang, Solomon Beilin, Albert Chan, and Yasuhito Takahasi for the conductive bonding agent used for 
the hole of a bonding sheet. Diffusion bonding is useful in the structure of the substrate of this 
application in one in two metal pads in the Z connection which was invented by Kuo-Chuan Liu and 
Michael G.Lee and was indicated by the United States patent apphcation description whose name is 
"Transient Liquid Alloy Bonding." Z-axis cormection of a pad 332 may be made by a soldered joint or 
metal diffusion junction. Metal diffusion junction is effective in order to produce precise z connection 
(namely, small z connection) especially. Moreover, it is published by Love and the wiring link structure 
(WIT) indicated by U.S. Pat. No. 5,334,804 by which inheritance was carried out to the appHcant of this 
apphcation is preferably used with an under-filhng ingredient. Since it joins to the example explained 
below, each an above-mentioned approach and an above-mentioned ingredient may be used for the 
example which already explained various substrates, and a list. An under-filling ingredient can be used 
instead of the bonding sheet for a soldered joint, metal diffusion junction, TLB (Transient Liquid Alloy 
Bonding) junction, or WIT connection. 

[0124] As shown in drawing 36 , the additional IC chip layer 350 and additional active group plate layer 
320 of each other are piled up, and are mutually connected by the additional anisotropy film 302 or an 
additional bonding sheet, or other z connection methods. The active group plate 32 in a laminating is 
separated fi"om the base substrate 12 preferably used in order to produce an active group plate using 
which the above-mentioned substrate separation approach. In order to transmit a gland and the supply 
voltage of one or more pieces to all layers and to transmit an electrical signal to another chip layer 350 
from one chip layer 350, the laminating of some Bahia 333 in a layer 350 and a substrate 321 is carried 
out mutually. The multilayer laminating process developed by the bonding sheet which does not use an 
anisotropy sheet, Hunt, etc., or the advantage which uses other z connection methods is vertically 
transmitted between the active group plate 320 and IC chip layer 350, without interrupting a lightwave 
signal with the conductive ball or nontransparent material often used by the anisotropy conductivity 
film. Although optical z connection is not illustrated, it is easily realizable v^th a waveguide coupler like 
couplers 344 and 348, 

[0125] The waveguide and other activity components of the active group plate 320 may be produced in a 
separate layer, as shown in drawing 37 -38, In this example, an active group plate is divided into 
waveguide road layer 320a and activity components layer 320b. Layers 320a and 320b are joined to one 
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by adhesive bonding sheet 302\ a multilayer laminating process [ / else / Hunt ], a soldered joint, metal 
diffusion junction, above-mentioned TLB junction, or above-mentioned WIT connection. When a 
soldered joint, metal diffusion junction, TLB junction, or WIT connection is used, the conventional 
under-filling may be used instead of a bonding sheet. 

[0126] It is drawing where a luminescence device (for example, VCSEL) and a switch device (for 
example, optical modulator) express roughly the various gestalten included in a multilayer to drawing 39 
thru/or 42. In drawing 39 , optical coupling (optical z connection) of the two waveguides in two separate 
layers is mutually carried out through the vertical mold coupler for transmission and the vertical mold 
coupler for reception which were attached in the corresponding edge of waveguide. An optical 
modulator device is installed in the optical way between two vertical mold couplers, and is held in a 
separate layer. An optical modulator device is constituted by an electronic light ingredient (or electronic 
absorption (EA) ingredient) and two contacts produced by each field of the body section. Including the 
chip according to individual by which the body section of an electronic light (or electronic absorption) 
ingredient was set during manufacture of a layer, the body section may be formed in the original 
location, as carried out to the electronic light ingredient of the switch device 25 shown in drawing 12 
thru/or 19. In drawing 41 , it has the same structure except for the point that lower waveguide is replaced 
by the emitter device (for example, VCSEL). The laminating of the layer of each other is carried out by 
the laminating fabrication process in both examples, without using a bonding sheet and z connection 
method. However, if desirable if required or, three layers will be manufactured independently and will 
be joined by a bonding sheet, under-filling, a soldered joint, metal diffusion junction, TLB junction, or 
WIT connection in one. The same optical connectability as the layer system which the example was 
shown in drawing 40 and shown in drawing 41 is offered. Finally, the emitter device of the 1st layer 
linked to the waveguide of the 2nd layer is shown in drawing 42 , without intervening an optical 
modulator device. In the above-mentioned example, the contact to a photoelectron device is wired on the 
underside using Bahia. On the contrary, in the case of drawing 35 thru/or the example of 38, the 
laminating at least of the part in the above-mentioned layer is mutually carried out by the laminating 
fabrication process. Generally, the laminated structure of the arbitration of this invention is 
manufactured by the laminating process. 

[0127] A layer is manufactured independently and, in the case of the example attached selectively, a 
refi-actility under-filling ingredient or a refractility bonding sheet may be used between each layers, the 
[ which is quoted for reference when using such under-filling / Europe disclosure patent application ] — 
the vertical mold waveguide passing through components and the laminating of several layers of under- 
filling can be formed by using the SOLNET waveguide formation process indicated by EP-689,067-A 
No. The inheritance of this Europe patent application is carried out to the applicant of this application, 
and it asserts the priority based on Japanese Patent Application No. No. 140502 [ six to ], Japanese 
Patent Application No. No. 200974 [ six to ], Japanese Patent Application No. No. 204922 [ six to ], 
Japanese Patent Application No. No. 59240 [ seven to ], and Japanese Patent Application No. No. 61092 
[ seven to ]. In the case of this SOLNET waveguide formation process, a light beam is condensed by the 
location in which vertical mold waveguide should be formed, a refractility ingredient answers this beam 
and a refi"active index becomes large. 

[0128] In order to make a drawing legible, only one luminescence device (VCSEL), one light-receiving 
device, or an optical modulator (switch) device is shown in drawing 35 thru/or 42. such [ the typical 
application of this invention ] an electron device ~ some ~ or a large number are included. The driver 
accumulation VCSEL, a driver accumulation switch (modulator), and an amplifier accumulation photo 
detector can be used instead of VCSEL, a photo detector, and an optical switch, respectively. In such a 
case, as already explained, a power source and the additional pad for glands are required. Chips 351 and 
352 are the drivers and/or amplifier of VCSEL. IC chip can carry out a laminating mutually. For 
example, 1st IC chip layer for a processor chip A laminating is carried out on a driver and the 2nd chip 
layer for amplifiers, and the laminating of the 2nd IC chip layer is carried out. An active group plate The 
1st output and input of a chip layer are supplied to the 2nd driver and ampUfier of IC chip layer, and the 
structure where the 2nd driver and amplifier of a chip layer are coimected to the photoelectron device of 
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an active group plate is offered. In the case of this example, a driver and the connection pad of an 
amplifier are produced so that it may counter with the pad of 1st IC chip layer. Moreover, it is possible 
to form Bahia which passes a driver / amplifier thin film chip. Or a chip may be divided into the wafer 
corresponding to VCSEL and the photo detector which form Bahia in a surrounding polymer layer. 
Moreover, not the film but the die chip for the usual processors may be used. In this case, structure like a 
processor die / driver amplifier IC layer / active group plate is produced. The same situation may be 
realized in drawings 119 and 120, and the divided thin film driver / amplifier chip may be [ a thin film 
driver / amplifier chip equipped with Bahia which passes a chip may be used, or ] used for the chip of a 
chip layer. Above-mentioned driver / amplifier chip include other suitable circuits in a driver circuit, an 
amplifier circuit, a bias circuit, a temperature stabilization circuit, a clock or a signal skew compensating 
circuit, a synchronous circuit, and a list. Therefore, in some cases, a driver / amplifier chip may be called 
a transmitter circuit / "receiver circuit" chip. In drawing 35 thru/or 42, 11 9 and 120, a driver / ampUfier 
chip, and/or the chip containing a processor/memory chip live together in the same layer as a 
photoelectron device like VCSEL, a photo detector, and other components. The electric noise in each 
class can be reduced by forming the largest possible gland or a power-source side on the interface 
between the layers on each class. 

[0129] The chip in a chip layer is the thin fihn driver / amplifier chip possessing Bahia, or the divided 
thin film driver / ampHfier chip. The structure shown in drawing 35 thru/or 42,1 19 and 120 may be 
applied to all the examples of this invention containing FOLM and OE-MCM. Moreover, although the 
waveguide shown in these drawings does not include branching for visual intelligibility, typical 
application contains branch-type waveguide as it is shown in drawing explained above. When a 
connection consistency is high, multilayer structure is sufficient as waveguide. Generally, in all the 
examples of this invention, when a connection consistency is high, multilayer waveguide is used if 
needed. 

[0130] Multilayer structure may be manufactured according to a laminating process or z connection 
process. In a part of applications, the waveguide from a switch device (for example, modulator) and/or a 
luminescence device (for example, VCSEL) is connected to the external optical fiber which bears two or 
more waveguides, a fiber array, a fiber image guide, or an extemal thin film, a fiber array, a fiber image 
guide, or an extemal thin film -- "a film waveguide array" - or it is simply called like a "waveguide 
array." These optical fibers and a waveguide array transmit a lightwave signal outside fi-om the system 
made with the laminating components shown in drawing 35 thru/or 42. In the same form, these extemal 
optical fibers, a fiber array, a fiber image guide, and a waveguide array transmit a lightwave signal to the 
light-receiving device of a barrier layer. In any case, it is attached in a system layer in an optical fiber, a 
fiber array, a fiber image guide, or the location where optical coupling of the waveguide array h was 
directly carried out to intemal waveguide, the vertical mold coupler, or the beam splitter. A waveguide 
array is connected to any one layer in these layers by while exceeding the dimension of the stack by 
which the laminating was carried out, forming Layers 320, 320a, and 320b or 350 so that it may have the 
the tab section on a side face, and attaching an extemal waveguide array in this extended tab. Field 
normal connection is used in a lower layer and an up layer. The fiirther advantage by this structure is 
that the gap about which it is not occupied between layers 320, 320a, 320b, and 350 is used as a channel 
of the gas for cooling or the liquid which flows the inside of the stmcture. 

[0131] An example of the approach of producing IC chip layer 350 is shown in drawing 43 thru/or 50. 
With reference to drawing 43 , Bahia which passes along IC chip layer 350 takes the provisional 
substrate 412 first, and is formed by forming the Bahia post in the top face of this provisional substrate. 
Provisional installation and clearance of a substrate may be performed using which the above-mentioned 
approach (for example, refer to U.S. Pat. No. 5,258.236 published by Arjavalingam etc.). The Bahia post 
is formed by electroplating, sputtering, or the other approaches. In the case of the forming method by 
electroplating, in the conventional technique, sputtering is carried out to the front face of a substrate 412, 
next a thick photoresist layer is formed in a substrate side, and patteming of the provisional seed layer is 
carried out by lithography pattern exposure and pattern development so that it may be well-known. The 
Bahia aperture is formed by this and a conductive ingredient is galvanized in the Bahia aperture by the 
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usual electroplating. At present, other metals may be used although copper is a desirable ingredient. It is 
more desirable to galvanize a conductive ingredient so much more than the thickness (or height) needed 
for final structure. In the case of the sputtering method, sputtering of the layer of a thick conductive 
ingredient is carried out all over a substrate. Next, a photoresist is formed on the layer by which 
sputtering was carried out, and pattern exposure is carried out, and negatives are developed so that it 
may leave the part of a photoresist on the location in which Bahia is formed. The part of the photoresist 
layer by which the remainder was exposed is etched. The remaining photoresist is removed after 
etching. 

[0132] As a next process of the Bahia formation process, a photoresist layer is removed and a plating 
seed layer is removed. As a modification over the fundamental approach of forming IC chip layer 350, a 
seed layer is maintained, and in order to form an electric path in the base of a layer 350, you may use it 
by next down stream processing. In order that a seed layer may form the electric path 330 and the link 
pad 332 on the base of IC chip layer 350, patterning of it may be carried out at the general process of 
this approach. When carrying out patterning of the seed layer at a general process, a seed layer is made 
comparatively thick by, for example, making an additional conductive ingredient deposit using a 
uniform electroplating process. After the Bahia post is formed in a photoresist layer, pattern exposure is 
carried out once again and a photoresist layer is developed, in order to form the path and pad which 
should be formed in a base. This patteming process removes the photoresist of a positive from a path, a 
pad, and the location in which Bahia should not be formed. This 2nd patteming process exposes the seed 
layer which is not desirable, and etches this seed layer with suitable chemical etching liquid. The 
remaining photoresist is removed next. The thick formation process of a seed layer is postponed to a 
final process so that it may explain below. In order that a photoresist layer may improve an image 
depending on the case, after pattem exposure is carried out, software baking processing is performed so 
that it may be well-known in the conventional technique. When temperature exceeds the value specified 
by the manufacturer, it is necessary to notice such baking processing after exposure about the point 
which can decrease the amount of the photocatalyst in the photoresist of a positive. Therefore, in order 
to perform 2nd effective exposure, critical temperature of a photoresist should not be exceeded in the 
software baking process after the 1st pattem exposure. When exceeding critical temperature camiot be 
avoided and the photoresist of a negative is used for a list, patteming of the photoresist layer may be 
carried out by performing anisotropy plasma etching through a dirty mask. 

[0133] With reference to drawing 44 , the IC chips 351 and 352 are attached in the fi-ont face of the 
provisional substrate 412 at the next process of this process. Therefore, the thin polymer adhesive layer 
414 is formed in the fi-ont face of a substrate 412 of spin coating. Chips 351 and 352 (or activity 
components) are installed in a right location, and are pasted up on a layer 414. When the ingredient of a 
layer 414 needs hardening and contains a solvent, in order that a layer 414 may raise adhesiveness and 
may decrease the evaporation of the solvent in the following hardening process, it may carry out 
software BEKU processing. Since the chip wearing process is the same as the process used by the 
approach of forming the above-mentioned active group plate 20 shown in drawing 12 thru/or 19, 
explanation beyond this is not given. When the seed layer of a fi-ont process is maintained in a perfect 
form or the form by which patteming was carried out, before a layer 414 is formed, it is desirable to 
form a thin chromium adhesive layer on a seed layer. Such an adhesive layer is suitable when an 
ingredient 414 has only slight adhesion in extent nonpermissible to the specific ingredient of a substrate 
412. As another approach equipped with chip 351 ** 352, a metal pad may be formed in a seed layer 
and the rear face of a chip may be covered with a metal. A chip uses the usual soldering for the above- 
mentioned metal bonding and the TLB method, and a list, and is attached in them. By the time a layer 
350 is completed, the metal pad of the rear face of a chip should be insulated fi-om the signal line of the 
base of a layer 350. However, coupling to a fixed gland or bias potential is used if needed for an 
electrical circuit. 

[0134] Since the following poHsh process is used, chips 351 and 352 have the electrode 27 containing 
the above-mentioned multilevel-metal structures 27x, 27y, and 27z ( drawing 12 ) preferably, and 
sublayer 27y contains a polish stop metal like a tungsten. This multilayer-structure object is best formed, 
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when IC chip is a wafer format (i.e., when it is not a dice form). When the field where an electrode does 
not exist on the surface of a chip is large, in order to make it a hollow not generated in the following 
polish process, it is desirable to make the patch which the polish stop ingredient estranged deposit on 
those fields. Such a polish stop layer is preferably formed in the passivation layer of the upper part of a 
chip. Typically, chips 351 and 352 are manufactured in the above-mentioned epitaxial lift-off process, 
and can produce a very thin chip (the range of several microns to several 10 microns). It is more 
desirable to be beforehand ground by the rear- face side, in order that a chip may decrease thickness, 
when a chip is manufactured using a thick wafer technique (pre polish). This well-known pre poUsh is 
performed while a chip is still a wafer format in the conventional technique. In the conventional 
technique, since the very uniform polish approach is learned and amelioration of the polish approach is 
continued, a thin film chip can be obtained by grinding without using ELO. The thickness of the chip 
permitted about this point is 5 micrometers thru/or 50 micrometers. 

[0135] Although the IC chips 351 and 352 shown in drawing 44 are arranged public, a chip may be 
arranged inside out. When the pad and the electric path of a layer 350 at the bottom are formed at a fi"ont 
process, the pad of a chip can be contacted for a path at the bottom as it is using metal diffusion 
bonding, TLB bonding, solder bonding, WIT connection, etc., without using an adhesive layer 414. 
When a chip is joined in this way, it is not necessary to prepare an elevated-temperature under-filling 
ingredient in the chip bottom in order to prevent an air pocket. When the pad and the electric path of a 
layer 350 at the bottom are not yet formed, the top face of the IC chips 351 and 352 can be pasted up on 
a layer 414. In order to prevent an air pocket, a layer 414 is maintained at the condition which can be 
plasticity flowed when a chip is arranged, and a chip is pushed against a layer under vacuous conditions. 
By arranging a chip inside out on a substrate, in case the above-mentioned epitaxial lift-off process is 
used for a GaAs chip, the following advantages are acquired. That is, the AlAs etching process (or 
AlGaAs etching process) used in order to remove a chip fi^om a GaAs wafer may be postponed until a 
chip is arranged inside out at the provisional substrate 412. After arranging to a substrate 412, in order to 
separate a bulk GaAs substrate fi-om the epitaxial layer which holds the circuit of a chip, an AlAs (or 
AlGaAs) etching process is performed. Since the fiinction which supports IC chip in an arrangement 
process is obtained by the GaAs bulk substrate in this way, in order to support IC chip, it is not 
necessary to use the polymer film, a glass substrate, or other substrates. Not caring about it, even if the 
whole GaAs wafer is first dice-ized in order to separate mutually the chip of each [ ** / which may 
arrange to a substrate 412 inside out and suits it / substrate / GaAs ] is admitted. When the whole wafer 
is arranged, arrangement is performed before the Bahia post 333 is formed. Another advantage which 
equips a substrate 412 with a device wafer is ground since the rear face of a device wafer decreases the 
thickness of a chip. This is usefiil when it is difficulty or an unremovable chip to remove especially 
using an epitaxial hft-off process. 

[0136] It is that the next process of this process forms a polymer layer 416 with reference to drawing 45 
on the Bahia post 333, chips 351 and 352, and the exposed part of an adhesive layer 414. A layer 416 
stores these components in the single polymer film. Core materials, the charge of a clad plate, poly 
IMIDE, ultraviolet curing possible epoxy, and many polymer ingredients of a refi-actility ingredient are 
used. Although it is not indispensable, it is necessary to use a refi"actility ingredient to form vertical 
mold waveguide in the layer by which the laminating was carried out in the SOLNET waveguide 
formation process. A polymer layer 416 is preferably formed by carrying out spin coating of the 
ingredient. A layer is hardened, when an ingredient generally needs hardening after a layer is formed. 
When the thickness of chips 351 and 352 is thicker than about 15 micrometers, 2 times or more of 
separate coats and hardening processes are especially needed to a polymer ingredient of a certain kind 
and the ingredient contracted dramatically during hardening. 

[0137] With reference to drawing 46 , a substrate exposes the electrode (for example, pad) of chips 351 
and 352, and the upper part of the Bahia post 333, and it is ground in order to obtain a flatter firont face. 
In the conventional technique, the well-known usual polish and a chemical machinery polish process can 
be used. With reference to drawing 47 , the group of the electrode path 330 and the connection pad 332 
is formed in a top face. This may be performed using which the conventional conductive stratification 
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approach. Many in the conventional formation approach were already explained with reference to 
drawing 12 thru/or 19. For example, after sputtering of the conductive ingredient is carried out 
uniformly, the etching process of the substrate by which patterning was carried out is used. 
[0138] Here, processing is advanced in the different direction. When being beforehand formed by 
carrying out patteming of the thick seed layer as the electric path 330 and the connection pad 332 are the 
above, formation of IC chip layer 350 is completed and IC chip layer 350 is removed from the 
provisional substrate 412. However, since a substrate 412 can give the dimensional integrity which was 
dramatically excellent in the layer 350, before removing the provisional substrate 412, the laminating of 
the top face of a layer 350 is carried out to another components layer like z connection erector. When the 
bottom side path and the pad are not yet formed, the next process of a process is attaching the 2nd 
provisional substrate 418 in the top face of IC chip layer 350 using the fusibility adhesive layer 419. The 
1st provisional substrate 412 is removed after termination of this installation. The result of this process 
is shown in drawin g 48 . Many fusibility epoxy and adhesion ingredients are well-known in the 
conventional technique, and have the above-mentioned approach and the compatibility about the 1st 
provisional substrate 412. In the processing after this event, since the fiirther hardening process is not 
needed, the width of face of selection of fiisibiUty epoxy and an adhesion ingredient becomes large. 
Instead of using a fiisibility adhesive layer, the usual adhesive layer in the substrate dissociation 
technique indicated by U.S. Pat. No. 5,258,236 or the transparence substrate 418, and the adhesive layer 
419 in which adhesive ability will be lost if ultraviolet rays are irradiated may be used. In the case of the 
latter which uses the transparence substrate 418, a substrate exfoliates by irradiating the ultraviolet-rays 
light transmitted through the transparence substrate at an adhesive layer, and is exposed to a solvent. 
Other above-mentioned substrate dissociation techniques may be used. 

[0139] Next, in order to remove the polymer adhesive layer 414 and to decrease the thickness of chips 
351 and 352 selectively, alternative polish or an etching process is performed. The result of this process 
is shown in drawin g 49 . Next, the bottom side electrical-and-electric-equipment path 330 and the 
connection pad 332 are formed in an upside side using which process used in order to produce an 
electric path and a pad. The resuh of this process is shown in drawing 50 . While a provisional substrate 
is next still in the original location, completed IC chip layer 350 is set like z connection erector, and, 
generally components layer with an another upside side is equipped with it. In the laminating process for 
z connection assembly, the integrity on the good dimension of a layer 350 is acquired by this. The 2nd 
provisional substrate 418 is dissociated by the suitable (as [ irradiate / if an adhesive layer 419 is 
fusibility, dissolve an adhesive layer 419, carry out the clearance process indicated by United States 
patent **** 5.258 or No. 236, or / for example, / at an adhesive layer 419 / ultraviolet-rays light ]) 
clearance process from a layer 350. 

[0140] The process process used for drawing 43 thru/or 50 with various gestalten combining other down 
stream processing explained in the example of this invention is shown. For example, it not only forms a 
path and a pad, but the process which produces other fiinctional components, such as a 45 -degree mirror 
plane for for example, beam splits and an optical grid, may be included in the above-mentioned bottom 
side processing. Moreover, after chips 351 and 352 are installed, the process indicated by drawing 43 
thru/or 50 may be changed so that the Bahia post may be formed. In this case, there is an advantage 
which can install chips 351 and 352 smoothly by the substrate top. Furthermore, drawing 43 thru/or the 
process process of 50 may be repeated using the device (namely, photoelectron film) of the type with 
which it differs other than a chip 351 and 352, and/or the device embedded at the waveguide road layer, 
in order that various single substrates or many substrates may manufacture the structure by which the 
laminating was carried out. 

[0141] By replacing IC chip with photoelectron components or an ingredient, the approach indicated by 
drawing 43 thru/or 50 is similarly applied, in order to produce activity components layer 320b. 
Waveguide road layer 320a is produced at the same process as the process shown in drawing 43 thru/or 
50 by adding the process process of the arbitration indicated by detailed explanation, in order to form the 
waveguide core which was embedded at the bottom cladding layer and by which patteming was carried 
out, and/or deleting a device installation process. For example, the clad stratification, core pattern 
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formation, the upside clad stratification, CMP, and the process of up metallization (or metallization 
before the bottom clad stratification) are continued after the Bahia pillar **. Waveguide road layer 320a 
is formed from some processes in the above-mentioned making process like the fabrication process 
shown in drawing 12 thru/or 19, and the process which is not used relates to inclusion of activity 
components. 

[0142] In the case of all the examples indicated for explanation of this invention, and the example which 
has a minute (that is, dramatically fine) pattem and a configuration especially, a polymer layer is formed 
of the combination of CVD (chemical vapor deposition) which is indicated by U.S. Pat. No. 5,444,81 1 
by which inheritance was carried out to the applicant of this application, the vacuum evaporationo 
metallization method and/or MLD (the molecular layer depositing method) or these approaches, and 
other usual coat approaches. Furthermore, in all the examples of this invention, the upside side and 
bottom side face of a components layer are the acid-resisting layer formed on components in order to 
reduce a reflective noise. 

[0143] Since some examples which form IC chip layer 350 were explained next, how to form polymer 
waveguide road layer 320a is explained. With reference to drawing 5 1 , a cladding layer 21 is formed on 
the provisional substrate 450, and is hardened by which the above-mentioned approach. The provisional 
substrate 450 is constituted by the structure of aluminum, Xtal, glass, or the above-mentioned 
provisional substrate. Before forming a cladding layer 21, an adhesive layer and a seed layer are formed 
in the front face of a substrate 450, and a seed layer is used in order to carry out electroplating formation 
of the Bahia post for conductive Bahia which passes along layer 320a. With reference to drawing 52 , 
according to which the above-mentioned approach, a core layer 24 is formed on a cladding layer 21, and 
is hardened. When layer 320a has a beam splitter or a wavelength filter, at this event, a core layer 24 is 
etched in order to form the grid of components, or an optical exposure is carried out. Next, a grid is 
filled up with the ingredient which has a different reflection factor. 

[0144] With reference to drawing 53 , in order to form the side face of optical waveguide 454, laser 
beam cutting is used. Drawing 53 and 54 are the side elevations of three parallel optical waveguides. A 
cladding layer 21 has the thickness of about 10 micrometers, a core layer 24 has the thickness of about 
10 micrometers, waveguide has width of face of 10 micrometers thru/or 50 micrometers, and waveguide 
is mutually estranged in the pitch of about 250 micrometers. Although even the same depth as a core 
layer 24 is available for laser beam cutting, it may reach the same depth as the thickness by which the 
actual top, the cladding layer 21, and the core layer 24 were compounded. The width of face of laser 
beam cutting is about 20 micrometers thru/or 75 micrometers. Preferably, cleaning actuation is 
performed in order to remove the fragment from a laser-beam-cutting process. This cleaning may be 
performed according to a plasma-etching process. A plasma-etching process tends to etch a fragment at 
a rate quicker than a cladding layer 21 and a core layer 24. In order to decrease the amount of the 
fragment which should be removed, before laser-beam-cutting actuation is performed, a photoresist or 
the layer of the polymer ingredient with which others are not hardened may be formed on a core layer 
24. cutting ~ working, since most fragments are left behind to the upper part of a photoresist layer, a 
fragment can be easily removed by applying and looking a solvent or a development solution like [ a 
photoresist layer ], and removing a photoresist layer. Easy plasma etching is performed in order to 
guarantee that the trench etched by laser is not dirty. 

[0145] With reference to drawing 54 , the up cladding layer 23 is formed on the core layer 24 by which 
patterning was carried out using which the above-mentioned clad stratification approach, next is 
hardened. At this time, the Bahia post is formed by carrying out laser-beam-drilling processing, cleaning 
aperture in a seed layer, and galvanizing it in it. Moreover, an electric path and a pad may be formed in 
the top face of a cladding layer 23. 

[0146] Drawing 55 and 56 are the side elevations of parallel waveguide, and the laser-beam-cutting 
section which was formed of laser melting is produced at the end of waveguide in order to form the 
bevel edge for the mirror plane component of a vertical mold coupler. As shown to drawing 55 by the 
sign 455, the include angle of these cutting sections is the inside sense, or as shown to drawing 56 by the 
sign 456, it is outwardness. Waveguide has the inner sense cutting section at the end of one side, and has 
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the outward cutting section at the end of another side. If needed, like the above, it is formed for every 
laser-beam-cutting part in order to obtain the laser-beam-cutting section with a more exact patch of a 
metal (refer to the layer 161 of drawing 28 ). At this time, a beveled structure edge is cleaned at an easy 
plasma edging process, and the layer 458 of a reflective metal or the charge of a reflector deposits it on 
the beveled structure edge left behind by the outward laser-beam-cutting section 456. When the electric 
path and the pad are beforehand formed in the top face of a cladding layer 23, before laser-beam-cutting 
actuation and a uniform deposition process are performed, it is desirable to form a photoresist lift-off 
layer on a path and a pad first. 

[0147] In order to form a mirror plane component on the bevel of the inner sense cutting section, as 
shown in drawing 57 and 58, by which approach of the above [ the 2nd provisional substrate 452 ], the 
upper part of layer 320a is equipped and the 1st provisional substrate 450 is removed. In the case of the 
example shown in drawing 57 , an adhesive layer 453 is between the 2nd provisional layer 452 and layer 
320a. A bevel is cleaned by easy plasma etching and covered with the layer 457 of a reflective metal or 
the charge of a reflector. An electric path and a pad are formed in the bottom side face of layer 320a. 
Layer 320a is completed in this way, it is attached to IC chip layer 350 or activity components layer 
320b, and, subsequently the 2nd provisional substrate 452 is removed, before, as for a reflective metal, 
being equipped with the 2nd provisional substrate according to another approach which forms a mirror 
plane component in the bevel of the inner sense cutting section ~ direct electrolysis plating, 
nonelectrolytic plating, direct plating, or high voltage — it is made to deposit on a medial surface using 
CVD (a 10mm toll thru/or 100mm toll) In direct electrolysis plating, a seed layer must exist. In the case 
of nonelectrolytic plating, the suitable activation for a fi-ont face and catalyst treatment of a polymer 
ingredient are taken. 

[0148] Waveguide is formed by not laser beam cutting but plasma etching of a core layer 24 as a 
modification of the process shown in drawing 46 thru/or 58. A core layer is formed, and after hardening 
( drawin g 52 ), an adhesive layer which contains chromium is formed in a layer 24. Patterning is carried 
out so that the location in which a thick photoresist layer should be formed in an adhesive layer, and 
waveguide 454 should be formed may be appointed. The exposed part of a chromium adhesive layer is 
etched with the high-speed chemical etching liquid for chromium, and as shown in drawing 59 and 60, 
in order to remove the exposed part of a layer 24, plasma etching of the obtained structure is carried out. 
In order to guarantee that the leakage of light does not arise to waveguide, only a few is preferably 
etched into an excess into the bottom cladding layer 21. After plasma etching, the remaining photoresist 
layers and adhesive layers are removed, and a cladding layer 23 is formed and hardened ( drawing 60 ). 
The remaining down stream processing is carried out as shown in drawing 55 thru/or 58. 
[0149] As mentioned above, in the case of other processes, a core is constituted by the light-receiving 
ingredient and hardened by optical exposure. In this case, core patteming is performed by not a RIE 
process but the pattemized exposure process. In this case, it is used in order that an inclined lithography 
exposure technique which is indicated by the Japanese-Patent- Application-No. No. 262265 [ eight to ] 
description other than laser beam cutting of a RIE technique may produce a beveled structure edge. The 
direct exposure through a photo mask is suitable because of simplification of a process. However, if the 
fi^ont face is fiiUy suitable after software hardening, it will be formed in a front face so that a metal mask 
may act as a photo mask. When the fiulher flattening is called for, CMP is performed after an upside 
cladding layer is formed. 

[0150] Generally, while it was shown in drawing 55 , although it is easier to manufacture the mirror 
plane of the outward cutting section shown in drawing 56 , it is more desirable than the mirror plane of 
the sense cutting section that the mirror plane structure of both types can be manufactured economically. 
With reference to drawing 55 and 56, the mirror plane of both the inner sense cross-section section and 
the outward cross-section section forms the trapezoid which is a mirror image mutually. When a 
photoelectron substrate is equipped with the top face of the base shaped surface of drawing 56 , it acts as 
a mirror plane of the inside sense cutting section on the photoelectron substrate with which it was 
equipped. Therefore, as shown in drawing 56 , another photoelectron front face which fiinctions as a 
mirror plane of the sense cutting section among drawing 58 is equipped with the mirror plane 
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manufactured as a mirror plane of the outward cutting section. The high yield process which 
manufactures the multilayer photoelectron substrate which has the mirror plane of the inner sense 
cutting section by this approach is realized easily. 

[0151] An example of an approach which adds an activity components layer to a waveguide road layer 
is shown in drawing 61 thru/or 65. The waveguide road layer and the Bahia post which were shown in 
drawing 61 thru/or 65 are produced by the approach explained with reference to drawing 43 thru/or 50 
and drawin g 51 thru/or 60. It usually fills up with the void which started with waveguide road layer 320a 
shown in drawing 57 , and was created by the cutting sections 455 and 456 with the ingredient which is 
a polymer ingredient, and flattening of the front face is carried out. An electric path and a link pad are 
formed on the exposed surface of a cladding layer 21, and the Bahia post is formed by electroplating of 
the Bahia formation process explained previously. The result of this process is shown in drawin g 61 . 
Next, with reference to drawing 62 , the VCSEL luminescence device 36 is arranged inside out on a 
substrate, and an electrode is joined by the pad 332 and/or path 330 on the cladding layer 21 which 
corresponded by metal diffusion bonding. Elevated-temperature under-filling is preferably given to the 
Ixmiinescence device 36 bottom. Other devices like a photo detector device are not illustrated for visual 
plainness, although it is attached similarly and processed. Thus, each device arranged at drawing 62 has 
the edge of waveguide, or the active region which laps on the mirror plane structure 458 in branching of 
a vertical mold beam splitter. 

[0152] With reference to drawing 63 , a polymer layer 25 is formed on a front face in order to close a 
device 36 and Bahia 333 on the film of a polymer ingredient. In order to form vertical mold waveguide 
according to a SOLNET process, the effective charge of a clad plate, core materials, poly IMIDE, 
epoxy, ultraviolet curing possible epoxy, and the ingredient of the type of the arbitration containing an 
optical refiraction ingredient are used. A layer 25 is hardened if needed, exposes the upper part of Bahia 
333, carries out flattening of the layer 25 more, and if there is the need that additional electric contact to 
components is created depending on the case, it will be ground in order to expose the front face of the 
device embedded in the layer 25. The result of these processes is shown in drawing 64 . Next, as shown 
in drawing 65 , an electric path and a pad are formed in the top face of the ground layer 25. A path may 
be formed using which pad / path formation process already explained. The active group plate 320 is 
formed in this way, and is attached to other barrier layers lUce IC chip layer 350 or a waveguide road 
layer, or a chip using the provisional substrate 452 for dimension control. This assembly may be 
performed using which the above-mentioned approach. The provisional substrate 452 is removed by 
which the above-mentioned substrate dissociation approach after assembly. 

[0153] Or the laminating of the waveguide road layer may be carried out on an activity device layer in a 
form as shown in drawing 61 thru/or 68. In this case, VCSEL should be arranged public. Furthermore, 
the laminating of the combination of various layers like a waveguide road layer, an activity device layer, 
and a chip layer is carried out by the combination of which process shown in drawing 43 thru/or 65. 
**** about drawing 59 thru/or 77 — as already explained, it is beforehand built on a chip, and when 
using the switch device or horizontal-type luminescence device which has a refractive index higher than 
the refractive index of a waveguide ingredient, a certain kind of case is recommended making width of 
face of a device narrower than the width of face of waveguide in order to realize good optical coupling 
between waveguide and a chip device. Since the high coupling effectiveness between waveguide and a 
chip device raises the effectiveness of many electronic Ught processes, it is desirable. For example, with 
a high coupling multiplier, since optical mode interacts with a switch/modulator strongly, the switch and 
modulator of a low battery can be used more. Since device capacity decreases the device width of face 
of an activity device as it is narrow, high-speed actuation can be realized more. Since it is the same, it is 
desirable to make ****** of a chip lower than the height of waveguide, and to arrange a chip at the core 
of waveguide. Since the electric field in a device become large by decreasing the thickness of an activity 
device, low power (electrical potential difference) actuation is attained. Although later mentioned about 
the process which makes height low and positions the core of a chip, this process may be included in the 
above-mentioned making process. Drawing 67 is the top view of a desirable result, and drawing 68 is 
the sectional view of a desirable result. It connects the four corresponding shape of waveguide 24a-24d 
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and a straight line which have large width of face and thickness switch device 26a-26d of four pieces of 
the chip format of having a high refractive index. In order to decrease an echo with waveguide 24a-24d 
and device 26a-26d, a taper is attached so that a device 26a-26d edge may become thin gradually. The 
amount of this taper for the optimal coupling and the decrement of the width of face between each 
device and waveguide 24 are dependent on the difference of a refractive index. A required value is 
calculated very well by optical simulation for the optimal coupUng. Drawing 76 and 77 are the sectional 
views showing signs that the chip of switch device 26a has height lower than the height of waveguide 
24b, and the core of a chip is positioned in the center of waveguide. Main positioning is performed by 
the pedestal of cladding layer 21b formed on bottom cladding layer 21a. 

[0154] With reference to drawing 66 , an example of the process which produces the structure shown in 
drawing 74 thru/or 77 is explained. Starting with the base substrate 12, 1st cladding layer 21a is formed 
in the front face of the base substrate 12, and is hardened. Cladding layer 21a may be constituted by 
which the above-mentioned charge of a clad plate. Next, 2nd cladding layer 21b is formed on cladding 
layer 21a. Which charge of a clad plate of the above containing the charge of a sensitization clad plate is 
sufficient as this cladding layer. Before cladding layer 21b is hardened, as carried out by the production 
approach of a precedent, the device chip 26 pastes cladding layer 21b. Software BEKU processing of the 
layer 21b is carried out, and the solvent used in order to fluorinate a polymer cladding layer is removed. 
The result of these processes is shown in the sectional view of drawing 67 , and the top view of drawing 
68 . When cladding layer 21b is not sensitive material, it hardens preferably at this event. In process, 
although the suitable electrode structure may be formed in a layer like the above, these processes that 
form the electrode structure are skipped. However, this contractor could build the formation process of 
the electrode structure into the above-mentioned making process easily. 

[0155] In the phase of this process, a chip 26 is the large ingredient piece by which patteming was 
carried out so that each device 26a-26d might be formed. This forms a photoresist layer in the upper part 
of cladding layer 21b and a chip 26, pattern-exposes a photoresist layer, develops it, and is performed by 
leaving the patch of a photoresist to the location in which each device 26a-26d should be formed on a 
chip 26. The exposure part of a chip 26 is etched with suitable etching fluid, and each device is formed. 
The result of these processes is shown in the sectional view of drawing 69 , and the top view of drawing 
70 . This patteming and an etching process attach a taper to a chip device. When a chip 26 is a 
multilayer-structure object, two or more dirty exposure phases which use different etching fluid are 
needed. 

[0156] When cladding layer 21b contains sensitive material, pattem exposure of a photoresist layer can 
carry out patteming of all the parts of cladding layer 21b except the chip 26 bottom by using exposure 
long enough. In this case, the part of cladding layer 21b is removed at the development process of a 
photoresist layer. However, this is not a harmful result. The energy of an exposure process can be 
adjusted so that a photoresist layer may be exposed thoroughly and cladding layer 21b may be exposed 
by imperfection if needed. Moreover, the pocket mold conformal masking structure may be used so that 
cladding layer 21b may not be exposed in this phase. 

[0157] As a following process, all the parts of cladding layer 21b except the device 26a-26b bottom by 
which pattem NINGU was carried out are removed. When layer 21b is photosensitivity, this exposes 
actinic rays uniformly, and in order to prevent that a radiation collides with the location where cladding 
layer 21b should be held, it is reaHzed by using each chip 26a-26d. Cladding layer 21b is developed and 
hardened next. Patteming to which self-alignment of the layer 21b was carried out is performed by this. 
The result of these processes is shown in the sectional view of drawing 71 . The photoresist ingredient 
left behind to the chip 26a-26d upper part of each [ a front patteming process ] receives this uniform 
exposure, and is removed by a development solution and the developer used at the development process 
of cladding layer 21b depending on the case. When it has the chemical property which a photoresist 
layer and a cladding layer 21 do not suit, a barrier layer is formed between two layers. Preferably, the 
barrier layer is opaque, and after a photoresist layer carries out patteming of the device 26a-26d, it is 
removed. Cladding layer 21b is formed by uniform exposure like the above. Chromium or a tungsten 
layer is used as a barrier layer. 
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[0158] When cladding layer 21b does not contain sensitive material, the part of cladding layer 21b 
which is not desirable is removed with a photoresist patch by plasma etching which uses each chip as an 
etching mask if needed. In this case, an excessive photoresist is removed after an etching process. 
Etching time is controllable so that only layer 21b may be etched, but after it forms a plasma dirty stop 
layer on layer 21a and layer 21b is formed by the plasma-etching process before layer 21b was formed, a 
plasma dirty stop layer may be removed. A chromium layer can be used for this stop layer. 
[0159] The next process of this process forms a core layer 24 on the obtained structure, as shown in 
drawing 72 . As shown in the top view of drawing 74 , and the sectional view of drawing 73 , in order to 
form waveguide, patterning of these core materials is carried out. Which patterning approach of the 
above including sensitive material or an optical refi*action ingredient, and an optical exposure may be 
used. Preferably, the edge of waveguide touches a device 26a-26d taper side, or invades into a taper side 
selectively. At the following process, as shown in drawing 76 , the layer 23 of the charge of a clad plate 
is formed on the structure, and is hardened. Additional down stream processing for forming a path, a 
pad, a mirror plane component, a beam splitter component, and other above-mentioned descriptions is 
performed in this phase. 

[0160] As a following process, the electric path of the up electrode of a device, Bahia, and the top face 
of a layer is formed. This layer is attached in another substrate for support, and the original substrate 12 
is removed. Background processing is performed in order to form the electric path of the bottom lateral 
electrode of a device, Bahia, and the base of a layer. When a metal electrode is formed in the upper part 
or the interior of cladding layer 21b of the 2nd, a mini chip is arranged at these metal electrodes, and is 
connected to a metal electrode by the metal diffusion and the metal bonding technique which were 
explained previously, TLB, and solder bonding. Moreover, when a metal electrode is formed in the front 
face of a mini chip, it is pasted up on the metal pad with which the electrode of one or more chips was 
formed in the top face of a cladding layer 23. Thereby, both electrical installation and physical mounting 
are obtained. Fiuthermore, when the signal to a mini chip is acquired from the path on an opposed face, 
face-to-face Bahia is in the connection pad bottom so that compacter connecting arrangement may be 
obtained. By this, in order to create the electrical connection to a mini chip, surface area can be used 
efficiently. 

[0161] In the core layer coat process shown in drawing 72 , an alternative cladding layer may be covered 
on a core layer, after hardening selectively [ a core layer ] or thoroughly, an alternative cladding layer 
covers - having — software - and - fiiU hardening is carried out. When the thickness of a core layer is 
slightly larger than the height of a photoelectron device, the ground front face is in a cladding layer. This 
two-layer approach improves flat [ of the interface between a core layer and a cladding layer ], and 
decreases light-scattering loss. Or light-scattering loss is reduced when a CMP process is performed 
after formation of an upside cladding layer. 

[0162] In the modification of another process, 1 times or more of a CMP process is deleted in order to 

decrease the light-scattering loss relevant to optical mode dispersion from a CMP flattening front face. 
When a sensitization waveguide ingredient by which **** hardening is carried out is used for an optical 
exposure, CMP flattening near a core layer is unnecessary. Waveguide patterning is performed by the 
pattemized optical exposure after the process shown in drawing 72 . A flat chemically-modified degree 
is performed after an upside cladding layer is formed if needed. 

[0163] As another modification of a core patteming process, a mini chip contains a core and the clad 
structure before attaching a mini chip in cladding layer 21b of drawing 67 . in this case - a chip ~ 26 - 
a device - 26 - a - 26 — c — drawing 75 - and - 77 — being shown — having — as — a component ~ 26 

' - 26 — a - * - 26 - b — ' - and ~ 26 — c — ' — replacing -- having . There are some advantages in 
this. A refractive-index profile is controlled toward the edge of a mini chip. As for especially the 
refractive index of a chip core and a chip clad, it is possible to make it approach dramatically (to make 
the difference of a refractive index small), and thereby, since the effectiveness of optical coupling to 
waveguide is raised with the edge of both mini chips, beam-spot size is easily expandable. 
[0164] It does not pass over the example shown in drawing 12 thru/or 21, drawing 66 or 76, drawing 83 
or 90 and drawing 91 thru/or 98 to an example, but this contractor is easy to combine the essential field 
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of all the examples related to the equipment and the approach of realizing this invention in these 
examples and other examples, and a list according to the demand of specific application. The approach 
indicated by drawing 66 thru/or 76 can be used with many non-epitaxial films. For example, Ti02, 
W03, SiNx, or high refractive-index film like Si film can be embedded by the same approach. These 
fibn can be obtained as film Hke Si, a metal, or a polymer substrate by which the lift off was selectively 
carried out using the removable substrate. High refractive-index waveguide is used also as an optical 
delay line. When rare metal doped glass membrane is embedded, it is used as a light amplifier. Other 
optical film like the luminescence film, the optical refraction film, and the nonlinear optics film is 
incorporable similarly as optical waveguide using the approach shown in drawing 66 thru/or 77. When 
the refractive index of the embedded film is larger than core materials, core materials may be used for 
layer 21b. In this case, etching of the core layer on the embedded film ( drawing 73 ) is unnecessary, and 
an upside cladding layer can be covered after the process shown in drawing 72 . 
[0165] The above-mentioned manufacture process may be used in order to manufacture the film which 
does not contain a waveguide road layer including an activity photoelectron device. An example of the 
process which manufactures the photoelectron film with which the device was embedded is shown in 
drawing 155 . An electric pad, an electric line, and an electrode are formed on a substrate ((a) of drawing 
155 ). A thin film device is arranged on the metal pad / line on a substrate ((b) of this drawing). What 
kind of thin film device manufactured using an ELO process is sufficient as a thin film device. The 
polymer film is used in order to cover a substrate, and it embeds a thin film device into a polymer ((c) of 
this drawing). Next, flattening of the polymer is carried out by polish to the level of a thin film device 
((d) of this drawing). A surface contact pad and Bahia are formed on the polymer by which flattening 
was carried out ((e) of this drawing). The substrate of the photoelectron film is removed behind ((g) of 
this drawing), before a photoelectron device is attached in another layer like a waveguide road layer ((f) 
of this drawing). Or the Bahia post is produced after a thin film device arrangement process, after that, it 
may embed and the process of flattening and contact pad formation may be continued. As still more 
nearly another selection, a buffer polymer layer may be inserted between a substrate, a pad, an electric 
line, and an electrode regardless of the formation approach of Bahia. Moreover, it is possible to use the 
thin film device (for example, epitaxial layer) which does not contain an electrode. In this case, a device 
is arranged instead of a metal pad at a buffer polymer layer. The metallization process which forms an 
up electrode, and/or other device down stream processing (for example, an ion implantation, diffusion) 
can be performed after a polymer coat process. Metallization by the side of the bottom of a device is 
performed by background processing. This approach decreases the metal diffusion under polymer 
hardening, and device degradation. 

[0166] Multi chip module link structure is further explained about the explanation about drawing 78 
thru/or 81. These modules can be manufactured by the above-mentioned fabrication approach. In the 
free space (free space) light link system shown in drawing 78 , the free space between two boards 501 
and 502 by which the laminating was carried out is transmitted to a lightwave signal. Each boards 501 
and 502 by which the laminating was carried out have two or more optical switches 506 which transmit 
light to the photo detector 508 which countered through the partition of air, i.e., free space. As for each 
optical switch, optical power is supplied by waveguide 503, and waveguide 503 has one front face and 
grid beam splitter 504 of a switch 506 for power. Incidence of the light is carried out at right angles to 
one front face of an optical device (for example, electronic absorption or the mini chip of an electronic 
light ingredient), and it carries out outgoing radiation vertically from the front face of the opposite hand 
of an optical device. Before light comes out of boards 501 and 502, the micro lens 511 formed in the 
ingredient layer 510 is passed. Before carrying out incidence of the light to the photo detector device 
508, it passes other micro lenses. A micro lens is a lot of an ingredient which has a refractive index 
higher than the bulk material of a layer 510, and when light is emitted, and when light is collected, it has 
the function on which light is converged, although a micro lens may come out so much and you may use 
it, in order to adjust the optical focus of a micro lens, others and a light corpuscle child may be inserted 
among boards 501 and 502 if needed. 

[0167] A micro lens is produced by the SOLNET process by using the sheet of an optical refraction 
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ingredient (for example, poly guide which can come to hand from Du Pont (Polyguude)), and exposing 
the sheet by the write-in beam for forming a micro lens preferably. The cross section of each micro lens 
when seeing from the front face of a layer 510 is circular or a rectangle. In order that the front face of a 
layer 510 may improve optical coupling, the coat of it is carried out with an acid-resisting ingredient. 
Moreover, in order that the optical material which has a refractive index near the refractive index of a 
micro lens may improve optical coupling, it is prepared among boards 501 and 502. 
[0168] According to the above-mentioned process, the layer of boards 501 and 502 is produced 
independently, next a laminating is carried out to one. Between each class, in order to improve optical 
coupUng between the power waveguide 503 and an optical switch 503 in optical coupling between a 
device and a micro lens, and a list, a bonding sheet or under-filling is used for them. Of course, these 
layers may be formed in one on boards 501 and 502, as shown in drawing 79 , 
[0169] The main points of difference between the example shown in drawing 78 thru/or 79 and the 
example shown in drawing 37 thru/or 42 are that a vertical mold optical switch (or optical modulator) is 
used instead of VCSEL as a transmitter. However, a micro-lens array is used combining the technique of 
arbitration, in order to combine light with the optical switch 506 in this application. For example, a 45- 
degree mirror plane may be used instead of using a grid, in order to combine the source of 
photoelectricity with a switch 506. Or the waveguide which branched in the form as shown in drawing 
39 thru/or 42 may be used in order to combine light with an optical switch 506. The vertical mold 
optical switch 506 contains the switch structure of a large number like an electronic absorbing- 
modulation machine. 

[0170] This concept is extended in order to form vertical mold light connection in the laminating of a 
barrier layer 320 and IC chip layer 350, as roughly shown in drawing 80 . According to drawing 80 , 
VCSEL, a photo detector, and activity components Uke a modulator are contained in the substrate 
equipped with the vertical mold coupler, although omitted on [ of explanation ] expedient. As shown in 
drawing 80 , a layer is produced from a light reflex ingredient as an approach in which one 
implementation is possible. A SOLNET process is used in order to manufacture vertical mold 
waveguide or the vertical mold micro lens which forms the so-called optical z connection, when a 
laminating is carried out mutually. The bonding sheet made from the optical refraction ingredient is used 
in order to carry out the laminating of barrier layer 320b, waveguide road layer 320a, and the IC chip 
layer 350 in one. In order to manufacture optical z connection on each class, other approaches may be 
added and applied to SOLNET. 

[0171] Vertical mold light connection may be constituted as a separate unit 710 combined with the both 
sides of the group of the active group plate 705, as shown in drawing 81 , The format shown in drawing 
37 is sufficient as the active group plate 705. A unit 710 has two or more vertical mold waveguides 
formed in the direction of z, and they carry out optical couphng to waveguide with the edge of a 
substrate 705. A unit 710 may be produced using the sequence of a production process as shown in 
drawing 82 . The short partition of a bonding sheet is attached in the left-hand side edge of a sheet 
starting with two or more sheets of a refractility ingredient (for example, poly guide). These sheets are 
pasted up in one, a SOLNET process is applied to the right-hand side edge of an optical refraction sheet 
using a write-in beam, and vertical mold waveguide is formed. Next, a sheet is hardened and it is 
assembled by the substrate 705. 

[0172] Another photoelectron three-dimension (0E-3D) stack structure is shown in drawing 1 1 8 thru/or 
120. A chip is built into the photoelectron film substrate structure from which a large number containing 
the active device fihn and the passive device film differ in order to form an optical link. In this 
invention, drawing 121 is drawing explaining signs that the laminating of two or more OE film is carried 
out using optical z connection in order to produce a multilayer OE substrate. As shown in drawing 122 
thru/or 125, stack structure contains many film of a different kind. OE film is constituted by passive 
polymer waveguide including an additional electric line, a pad, Bahia, a voltage plane, and a grand side 
as shown in drawing 122 . As shown in drawing 123 , the polymer film has the photoelectron device 
embedded on the polymer film including additional metallization. All the above-mentioned devices like 
VCSEL, an optical modulator, an optical switch, a light amplifier, a wavelength filter, a tunable filter, a 
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wavelength transducer, a photo detector, a driver chip, an amplifier chip, LSI, optical components, 
resistance, a capacitor, and other electrical parts are contained in an active photoelectron device. You 
may also embed the mini chip by which two or more components were integrated. In the case of the 
example shown in drawing 124 , passive waveguide and an active photoelectron device are accumulated 
by one fihn with additional Bahia and contact metallization. The 1st example containing waveguide, 
VCSEL, and a photo detector is shown in drawing 124 , and the optical modulator and photo detector 
which were connected to waveguide are shown in drawing 125 . Still more complicated multilayer 
waveguide is contained in the example of drawings 122 , 124, and 125. 

[0173] Much package structures are acquired according to electric and the capacity which carries out the 
laminating of the different OE film type using optical z connection. The side elevation of a film optical 
link module (FOLM) is shown in drawing 126 thru/or 129. FOLM structure can take out a lightwave 
signal from the chip which should be connected to other boards or alien-system components, CSP, or 
MCM simple, and the flexibility to which a systems engineer does the optical link of the module of a 
chip in various formats is acquired. As shown in drawing 126 , the photoelectron film (OE-film - DW) 
containing waveguide, VCSEL, and a photo detector is used for electronic-light conversion and optical- 
electronic conversion. VCSEL containing an accumulation driver and the photo detector containing 
accumulation amplifier may be used. Using a connector, it connects with waveguide at the edge of the 
photoelectron fihn, and a fiber array, an image guide, or a waveguide array forms the optical link to 
other components. VCSEL answers the output of a chip and emits the lightwave signal transmitted to the 
board or unit connected to OE film through the optical link (a fiber array, a waveguide array, or image 
array). Preferably, a fiber array, an image guide, or a waveguide array is connected with other boards or 
a unit in order to perform an optical link between a board and/or a unit. On the contrary, the Ughtwave 
signal connected to waveguide through the optical link from the outside of OE film is received by the 
photo detector in OE film. A lightwave signal is changed into an electrical signal and inputted into a 
chip. 

[0174] As shown in drawing 127 </A>, the same fimction is realized by accumulating a passive 
waveguide substrate (OE-fihn - W) in other substrates and the form of INTAPOZA (insertion object) 
where it has only an active OE device (OE-fikn-D). VCSEL realizes an electronic light conversion 
fiinction according to a chip output, and, on the other hand, a photo detector performs a photoelectron 
conversion function according to the received lightwave signal. One example of a film optical link 
module (FOLM) is shown in drawing 128 . In this film optical link module, OE substrate (OE-fihn - 
DW) equipped with waveguide, VCSEL, and a photo detector is in the MCM bottom in which the chip 
was mounted. Except for the point that the passive waveguide fihn (OE-film - W) and the active OE 
device film (OE-film-D) are different, the example of drawing 128 and the example of a similar fihn 
optical link module are shown in drawing 129 . 

[0175] In the structure shown in drawing 128 , the laminating of the OE film is carried out on the 
substrate which does not possess the edge of the left-hand side which extends under the edge of a 
substrate. The horizontal-type optical connecter currently used in drawings 126 , 127, 129, and 134 is 
replaced by the vertical mold two-dimensional optical connecter to OE film. A vertical mold connector 
connects the waveguide of OE fihn to the edge of a two-dimensional (2D) fiber array (or fiber image 
array). In the location of a vertical mold connector, in order that a vertical mold coupler (for example, 
mirror plane) may turn the lightwave signal in OE film to the direction of 2D fiber array, it is formed in 
OE film at the reverse sense. Termination of the edge of two or more waveguide cores in 2D fiber array 
is carried out in respect of connection of a vertical mold connector, and the edge of each waveguide core 
is prepared on the vertical mold connector to which it corresponded in OE film. In the case of almost all 
the juxtaposition link, this type of field normal coupling is effective, and suitable for this type of 
application. OE film can use this field normal coupling with all the examples of this invention by which 
optical coupling is carried out to 2D fiber array (or fiber image guide). 

[0176] As above-mentioned, the stack structure indicated by drawing 35 thru/or 42 and drawing 119 
thru/or 120 is used in order to produce film optical link module structure. For example, in the case of 
drawings 126 and 128, a driver / amplifier chip layer is OE-fihn so that it may function as an interface 
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between OE devices (for example, VCSEL, a photodiode, a modulator, etc.) and the input/output 
terminal of a chip or an MCM module. - A laminating may be carried out on DW. In the case of 
drawings 127 and 129, the laminating of a driver / the amplifier chip layer may be carried out on OE- 
film-D. In both cases, the laminating of OE-fihn, and the driver / ampUfier chip layer can be carried out 
according to z connection (lamination) process or a build up process. Of course, a driver / amplifier chip 
layer may include the supplemental circuit of arbitration like other suitable circuits in a driver circuit, an 
amplifier circuit, a bias circuit, a temperature stabilization circuit, a skew compensating circuit, a 
synchronous circuit, and a hst. Moreover, a chip and OE device may live together in the same layer 
(OE-film). 

[0177] The distance between between electric input/output terminals, electronic light, or a photoelectron 
converter article is shortened rather than the distance in the conventional optical link module. For this 
reason, the link engine performance is improved. Furthermore, excessive space is needed by the 
conventional optical link module. In the case of the film optical link module structure of this invention, 
most excessive space is not needed. 

[0178] In order that drawing 130 may adjust the optical path length if needed so that it may make a 
signal skew ease, some OE film is the top views of the film optical link module structure of having the 
sufficient room so that waveguide can be incurvated. In a detail, it is more desirable to adjust the root of 
waveguide and path length so that the transit time of the signal from the output of various chip/fields, a 
board, a unit, or a module to an input may be in agreement. Since a skew is prevented, other techniques 
of adjusting transit time which changes other waveguide parameters (for example, refractive index) can 
be used. 

[0179] As shown in the top view of drawing 1 3 1 , and the sectional view of drawing 132 , a connector 
contains a connector buffer in order to carry out preferably the optical accommodation fimction to make 
a connector open a signal for free passage easily. For example, a connector buffer adjusts spot size and 
changes a waveguide pitch (namely, spacing of waveguide). For example, since a connector buffer has 
the curved waveguide pass, it can connect the one dimensional array of one or more plane polymer 
waveguides to the two dimensional array of waveguide. As shown in drawing 130 , patteming of the 
extension of a flexible substrate field is carried out to the shape of a ribbon, and two or more waveguides 
are contained in each. Two or more ribbons become spiral and the edge of a ribbon forms a two- 
dimensional waveguide array as the result. In the case of a ribbon with a die length of 5cm, 90 degrees 
of each ribbons are bent at a time with quite small stress. As for the thickness of the poljmier film, it is 
desirable to fall within the range of about 10 thru/or 250 microns. Each ribbon holds 12 waveguides in 
the pitch within the limits of about 30 thru/or 250 microns. The edge of two or more ribbons is 
accumulated on the form of a frame-connector, and it is ground so that a two-dimensional waveguide 
connector may be formed. Preferably, the lateral surface of a connector buffer is fabricated so that 
coupling to an external optical connecter can be performed easily (for example, in order to form a plane 
front face and the front face which carries out coupling, polish, slice, or other shaping processings are 
carried out). Thereby, the waveguide of film optical hnk module FOLM can be connected now to the 
optical coupler of a large number like a two-dimensional fiber array and an image guide. Signs that it is 
forwarded by the two-dimensional waveguide array connector in which the lightwave signal in a 
connector buffer contains two or more waveguide cores arranged in the shape of an array are shown in 
drawing 133 . Since a coimector buffer performs an optical accommodation function preferably, two or 
more waveguides of the photoelectron film are optically combined with an optical connecter like a two- 
dimensional optical connecter marketed. MT connector made from the Koga electrical engineering is an 
example of a desirable multi-fiber connector. A connector buffer includes wavelength division 
multiplex-ized (WDM) functions, such as a wavelength multiplexer (MUX) and a wavelength 
demultiplexer (DEMUX), in order to add a wavelength division multiplex-ized function to the film 
optical link module structure by this invention. In the case of the field normal shown in drawing 128 , a 
function, the same above-mentioned function as components, and above-mentioned components are 
used. 

[0180] One example of a high-speed film optical link module is shown in drawing 134 . Since a high- 
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speed optical modulator generates a lightwave signal from external input light, it is driven by the output 
of a chip. An optical modulator can operate by current dissipation lower than VCSEL and low power 
dissipation. It is desirable to use the photoelectron substrate (OE-ADLES) which does not contain a high 
speed, and low heat release type an amplifier/driver on high lightwave signal level. Since an optical 
modulator has the output of a chip, and the suiting electrical-potential-difference drive property in OE- 
ADLES, an optical modulator is directly driven by the chip output. Therefore, an additional driver is not 
needed in order to drive a modulator from a chip. Furthermore, since the lightwave signal in a photo 
detector becomes strong enough by making input light power increase, photo detector amplifier may be 
omitted. A reference sake Sthlketani Conference held in Chitose on 12-October 15, 1998 to quote, 4th 
International Conference On Organic Nonlinear Optics (ICONO'4) "Optoelectronic Amplifier/Driver- 
Less Substrate [ / else / nonuniformity / which was set and announced / reed ], OE-ADLES, and For 
Polymer- Wavegude-Based OE-ADLES equipment and an approach are indicated by Board Level 
Interconnection-Calculation Of Delay And Power Dissipation." OE-ADLES is desirable at the point 
which the signal delay which can omit the driver and amplifier which increase the cost and complexity 
of a photoelectron substrate, and originates in a driver and an amplifier decreases. 
[0181] A fihn optical link module is constituted by the structure to which the laminating of many 
photoelectron fihn substrates was carried out. The details of one desirable example of the film optical 
link module (FOLM) structure are shown in drawing 135 thru/or 137. Drawing 135 is a side elevation of 
the FOLM structure, drawing 136 is a plan of the whole FOLM structure, and the spot-size converter 
linked to MT connector which is having FOLM waveguide marketed is formed. Since 12 FOLM 
waveguides are connected with every one of the MT connector outputs of 16 pieces as shown in drawing 
136 , 19 channels which communicate a lightwave signal within FOLM exist. Since the core of MT 
marketed has the core of 62.5 micron x62.5 micron and 5, FOLM with a die length of 5cm increases 
gradually the spot size of photoelectron (core dimension is 15 micron xl5 micron) waveguide, and 
fiinctions as a connector buffer which transforms waveguide so that it may combine with MT connector 
efficiently. It is possible to attach a two-dimensional-array connector (for example, 16x16=256) instead 
of a ribbon at OE-film by which the laminating was firmly carried out to the substrate in the case of field 
normal coupling. 

[0182] Some details of the FOLM structure which explains to (a) of drawing 137 and (b) signs that 
VCSEL connected electrically and optically to waveguide by the 45 -degree mirror plane by which 
metallic-coating processing was carried out by the desirable manufacture approach is obtained are 
shown. It connects with a mirror plane metal coat electrically, and a part of Au contact layer of VCSEL 
can perform electrical connection to VCSEL now easily so that (a) of drav^ing 137 and (b) may show, 
about 10 - the luminescence aperture of VCSEL which has the area of micron xlO micron order collides 
on the mirror plane where metallic coating of the light was carried out, and the sense can be decided to 
be reflected into waveguide. 

[0183] An example of the manufacture process of the FOLM structure includes preferably an aluminum 
substrate, glass, Xtal, or the process that forms the 1st poly IMIDE film on other suitable substrates 
which may be removed suitably later. After the 1st poly IMIDE film is formed, a contact pad and an 
electrode accumulate on the fi-ont face of a polymer layer. Since a pad mounts VCSEL and a photo 
detector, patterning of it is carried out. The epitaxial lift off VCSEL and a photo detector are put on a 
contact pad. Preferably, in order to paste up VCSEL on a contact pad, Au/Sn/Au metal diffiision is used. 
The 2nd poly IMIDE layer or other suitable poly IMIDE layers are covered on VCSEL. Flattening of the 
front face is carried out by CMP. A waveguide clad fluorination poly IMIDE layer (or ultraviolet curing 
possible epoxy layer) is formed on the wafer by which flattening was carried out. Next, it deposits, and 
patterning of the core layer is carried out, and as the previous example was explained, it is embedded in 
an upside clad coat. A 45-degree mirror plane is formed according to which the above-mentioned 
manufacture process like RIE and laser melting. Next, metallic coating of the mirror plane is carried out. 
It is used in order that the same metallic coating may contact the desirable electrode of VCSEL and/or 
the desirable pad for VCSEL, and/or Bahia. The poly IMIDE layer is covered on a front face, and 
flattening is carried out by CMP if needed, aluminum substrate is removed next, and the 1st poly IMIDE 
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layer is removed or etched in order to create the contact to the photoelectron fibn and/or a pad, and 
Bahia. Or clearance of aluminum substrate may be performed after the photoelectron fihn is attached in 
another substrate. 

[0184] As shown in drawing 138 thru/or 145, two or more chip / CSP/MCM are mounted, and it may 
connect electrically and optically using a photoelectron insertion object (or photoelectron INTABOZA) 
(OE-IP) or the photoelectron film multi chip module (OE-film-MCM) manufactured by the above- 
mentioned manufacture process. OE-IP is inserted between a chip, CSP or MCM, and a monolayer or 
muhilayer OE layer, and offers the optical connection with other at least one components preferably. 
Many OE layers may be built by the same approach as the already explained approach. The laminating 
of the OE layer is carried out by solder bonding, TLB and WIT, metal diffusion and the approach 
indicated by U.S. Pat. No. 5,334,804, a KONDAKUTINGU paste, or other laminating processes. One 
desirable paste lamination is a MAJIC paste lamination indicated by the United States patent 
application/[ 09th ] No. 192,003 description which inheritance is carried out to an applicant for this 
patent, and is quoted for reference. 

[0185] Photoelectron insertion object OE-IP by this invention contains the light source of a large 
number arranged by various approaches at OE-IP and/or a photo detector or other components, and/or 
accumulation components. In one example of OE-IP shown in drawing 138 , VCSEL and a photo 
detector are embedded on the polymer film of OE-IP. OE-IP which uses the optical modulator connected 
to the light source instead of and a transmitter is shown in drawing 141 . [ VCSEL ] The light source is 
supplied from the light source on OE layer or OE-IP. The light source may be supplied from the source 
of the exterior through an optical fiber, an optical fiber array, an image guide, or the FREX waveguide 
array, as shown in drawing 142 . A suitable optical modulator contains Mach TSUENDA and a 
modulator, a total-intemal-reflection switch, a digital switch, a directive coupler switch, or an electronic 
light device like an electronic absorption (EA) modulator. 

[0186] It is drawing where an OE-IP light link shows the example by which opposite hand ****** was 
carried out in drawing 146 to a chip / CSP/MCM component side in the case of drawings 138 and 139. 
VCSEL and a photodiode are embedded in OE layer near ******. An example of OE-IP equipped with 
the optical link to the chip/MCM mounted in the both sides of OE-IP is shown in drawing 143 . OE 
layer may be merged into OE-IP. Namely, as for VCSEL and a photo detector, it may be embedded 
[ near a bottom side face and an upside side ] in OE layer. 

[0187] OE-IP of this invention is used in two or more forms with other OE layers. Fig. 147 and 138 is 
the example of OE-IP, and the example of OE-fibn-MCM is shown in Fig^ 139 and 148 . OE-fihn-MCM 
which has the exterior or a flexible link is shown in drawings 144 and 145. OE-film-MCM enables it to 
use this flexible link as a juxtaposition optical link module. As shown in drawings 144 and 145, a 
flexible optical connecter is attached in the edge of OE-film-MCM at least. The flexible Unk is useful 
because of many objects of offering the coupling means to coupling, other OE-IP, or OE layer of the 
source of optical power of a lightwave signal. However, a flexible link is used also in order to form a 
fihn optical link module (FOLM) or optical jumpering. 

[0188] This invention can be used, also in order to manufacture the so-called "smart pixel" as shown in 
drawings 149 and 150. The usual smart pixel integrates the array of VCSEL and a photo detector on a 
chip in order to perform easily the photoelectron communication link to other components [ chip ]. 
However, the conventional smart pixel has a high manufacturing cost, and its rate of the yield is low. As 
shown in drawing 149 , the polymer film (OE-film-D) with which the array of VCSEL and a photo 
detector was embedded inside is used in order to realize the same function as a smart pixel. Another 
electric pad to a chip is created using bias. As shown in drawing 150 , a spurt pixel is producible using 
the activity photoelectron film (OE-film - DW) with which waveguide was accumulated. A smart pixel 
is produced by embedding a photo detector and the array of VCSEL in the polymer film, next 
connecting the polymer film to a chip electrically. The smart pixel of this invention can be substantially 
produced easily rather than the conventional smart pixel. OE-film-D plays the same role as VCSEL / 
photo detector array in a smart pixel chip conventional chip type. This OE-fihn has the advantageous 
point arranged only in the location for which a comparatively expensive semiconductor device is needed 
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within OE-film-D. Thereby, the cutback of potential cost is obtained. Furthermore, the polymer film 
enables it to process Bahia, a pad, and an electric line easily. 

[0189] One example of OE-film by which packaging was carried out to both sides is shown in drawing 
143 . As shown in the sectional view of (b) of drawing 143 , the 1st passive waveguide substrate 
transmits a lightwave signal to OE back-plane layer, i.e., the 2nd passive waveguide substrate. A chip or 
MCM is connected to the both sides of each passive waveguide by this. As shown in the perspective 
view of (a) of drawing 143 , a three-dimension module can be easily produced now. In order to give the 
demanded mechanical strength preferably to a three-dimension module, an additional support member 
(not shown) is used if needed. 

[0190] This invention is extensible so that OE printed circuit board or a mother board may be included. 
As shown in drawing 151 , OE printed circuit board (OE-PCB) is preferably connected to OE-MCM 
optically using a 45-degree mirror plane light coupler. Of course, the other optical coupler may be used. 
The electric generating power of each chip controls VCSEL in each OE-MCM. Luminescence from a 
part of VCSEL(s) is combined with another optical terminal of other chips (inside of MCM), or the same 
same chip (inside of a chip). However, it connects with OE-PCB from the rear face to OE film, and the 
light from other VCSEL(s) can perform now optical communication with other components like OE- 
MCM. [0191] OE film structure of the shape of a stack used for the optical connection in MCM and 
between MCM is shown in drawing 152 . 1st OE film containing a light emitting device and a photo 
detector is used for an MCM intrinsic-hght link. As shown in drawing 152 , the 1st film carries out 
optical link of the four chips. 1st OE film is connected also to 2nd OE film. 2nd OE film has the passive 
waveguide used for the optical link between MCM (for example, between boards). As shown in this 
drawing, the 2nd film connects four 4 chips MCM for example, on a board. The dimension of the 
waveguide of 1st OE film and 2nd passive OE film can be optimized independently. As shovra in this 
drawing, for example the waveguide and the coupler in the 2nd passive film correspond to large beam- 
spot size, and it depends for them, and they have large aperture. Preferably, photo detector aperture is 
expanded according to the beam-spot size of a waveguide coupler. Suitable electrical connection is 
created by Bahia to an electric board. 

[0192] Another example of OE film structure of the shape of a stack which is used for the reason in 
MCM and between MCM (for example, link in a board) is shown in dravdngs 153 and 154. As shown in 
drawings 153 and 154, the fijnction of the activity film incorporating waveguide, a photo detector, and a 
light emitting device is realized by the combination of the passive waveguide film and the active device 
film. The rate of the yield higher than the example shown in drawing 152 by this may be obtained. 
[0193] 

[Effect of the Invention] If it says briefly, the approach by this invention is the form which was 
compatible with the optical transmission of the efficient signal to an insertion object, a multi chip 
module, or other electronic light devices in the package between multichips, and can embed various 
activity and a passive electronic light device on the film at an electron device and components, and a list. 
Moreover, the approach of this invention is used widely in order to manufacture the film which contains 
both passive waveguide and an active electronic light device in the film with which many the passive 
waveguide film structures, electronic light devices, and electric devices were embedded, and a Ust. The 
smoothness of the single film is held and membranous complicated three-dimension stack structure can 
be manufactured now according to the capacity which extends Bahia and the conventional Z connection 
which pass the signal film. In order to combine a signal with the terminal in a chip, or in order to 
combine a signal between two or more chips, CSP and MCM, or a board, in case this flexibility designs 
the rate of the high yield, low cost, a high-speed multi chip module, a substrate, an optical link module, 
etc., it is effective. 

[0194] Although this invention is explained about the example by especially the above-mentioned 
explanation, probably, it will be clear to this contractor that various altematives, modification, and 
adaptation can be made based on disclosure of this invention, without deviating from the range of this 
invention. Moreover, although this invention is explained about the most practical and suitable operation 
gestalt it can hit on an idea of at present as above-mentioned, it is necessary to notice this invention 
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about having intention so that various deformation and equivalent configurations which are included 
within the limits of the matter which is not limited to the indicated example and was indicated by the 
claim may be included. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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^JSSroTiWfJilfOft-CVC S E L SrEfit-SXSi . 
( j ) ^JSS7iS±l5VC S E L--<^)m^6t)^^.*-^x.5 
i 5 lc:±|BVC S E L S:±tS^JRM{cg-a-t-Sxmt Sr 

[»*^ 16] ( a ) St ») ^ LW«B>tca«4rS!:g-t-S 

xmt. 

(b) ^mm^±umm(ommicmm^'&^T.mt. 

(d) »]Kx^-<'1'y^©&«S^S?rlia^ixfcS^^<3' 
KtcgBB-r-SXSt. 

( e ) ^IRmmf^U Sr±IE^a«;SiffitcS-^i-5 X 

(f) ^^tt^«3tfrS:?^^i-5fc*, ±IS»Kx^M 

iseii±c5:i^y -r-g-csfs-f-sxei:, 

(g) ±fE«-g-«jSf*:^WSi-6XSi:. 

20 ^■rsxst, 

(i) ±IE5l«9^1-L^|g'iS«^i^*-f-5XiBi^-& 

[f»*«17] (a) Miro««Sr^B-f-5Xet. 

( b ) ite^tt^V yrm^^MiM i ©S««7>«Stc?gjS 
■f-SXSt, 

(c) TaiS0f±E?r^1-5«|g:»«i^ryW^«>Tffi 
^ ±IE^< -y 7 T S t-St !9 ftrt- S XS t . 

(d) ±IH/^y>'TMi;i©9f+{te>tv5TSS.t)'JiffiS- 

1 ^«±<D7K y •^-gT?«^Si-5XSi: , 

(e) ±f5^^«m*Wgt-5Xgt. 

(f) '>^i:< t'{>-o(^±fi5fl;li^/>/<c< it-otT?* 
«FS$ixfc«^«3tf*:ro±i&l::jg^1-SXSt , 

(g) «2cDS«*±ls^^«3g^^coflltbufc±Bfcs^ 

OftttSXSt. 

(h) ±fEmioS«SrSj«}|^<Xiei:. 

(i) ^!^J'i< t ti-o»a^lS:±lS^^/i< i:t-o(^» 

iSr±ie«-^ffiig*^corB{;ijg^-r5xmi:^-&tf, 
lo 0 0 1] 

(4T-?-n ym^v-;^^ Ai^Ks^f ^ns^m 
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[0 0 0 2] MCM (^/U^^yy^- 

[0 0 0 3] 

[0 0 0 4] 

±#$i*:So -^fz.. m.%<n±wmi.. m—% (EO) 
3Elfe5.tJ«3tm^ (OE) 2E«ltijeHLTJ;*)«V^®ffiSr 
m^^v?^— /i^/£tt-e«^^Ftl/fc^i^3.— /Mesa- 

[000 5] ±IBt**«g#f«)WH^«r/!?»-f- 
[0 0 0 6] 

J^^Stl, ±IEm2(Z)Sl^ro^2(0^jl![8StJt^e<)fCiit 
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(c. ±iS^iOiieM3t*s':7"7-(±±fB^2»iHi£M3t;& 
[0 0 0 7] m*3S2(;i|E«^ixfc*^eq{ci63t¥6t 

[0 0 0 8] t»*JS4}ifEtt^*l-fc*^?^lCj:€)5t^6<) 

Xt^A#-r5m2(D/K- KtSr^L. JilE^lc^Ji?- 
K i:±fB» 2 (07K-K«s *fJ«;Lfc;^-(' s/f-x^<-r^ t 

[0 0 0 9] W*Jl6{c:|E«c^tifc*^P^(iJ;S«|gc<© 

j-iaa^tv. ±i5mis.t;^m2(D3ts^^-v/i^^5^5''7°^ 

[0 0 1 OJ tll^«7tcE«$*vfc*«l^(^J;5iP''fe< 
^v;3.-7H4, S»JKy-=?-«)J6SS?r:irfiiLfcS4g, « 

a*jz.sixfcs«. sus. sni^-^y-^-^iissstsfejA 

J; !9 S b S'JiB icil^ ^ tvfc /<c < t — OK) 
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[00 11] ^*«8miS«$nfc*|gW(J:J;5iJ?/£< 

[0 0 121 if*«9(cfE«$^^fc*^?g(cJ;5S^So 
[0 0 13] 0{z.mm^titi:$:mm\cj:^yt^ 

[0 0 14] li^jsi i\ctm^Mc:^^micx?>mm 

[0 0 15] tt*«l 3»c|E«^tifc*:«0J(ciSS« 

mt. (c) =^Tum>±m^~^y7'izmm-r^xo 

mPr<om^W^f^-t^TMt. (d) ±fE$=^s/yf*9-e 
(e) «aDO±fCi5'7S' KWo^STji^^-rSXatSr 
[0 0 16] iS*5l 4{c|S«Six^*l8iq{cJ;5S« 



5 

ffi co^ft!S<75S!i3g;^fe{i. ( a ) ^yy mm^m 

mm<om^m^'t?>i:nt. (c) ±m='run(omp^ 

\c^m^^^mi&i-?>i:nt. (d) ^ffioiic^j'^y 
h^un(Dm%:mi&-t^T.mt. (e) iiEsssriu^ 

ffl^l2-f-5fc«>±IBiJ' 7 y KW)|6FSrWli-t-5XSt Sr-^ 

[0 0 17] it^JSi 5(;i|s«^nfc*^0J(-J;6*« 
^^afeC>iS3t:^)£tt. ( a ) y -v-TIl^ 7 y KHSr 
10 ^l(Z>S«tcitS$-e:5XSi:. (b) sKy-^-nTii 
^±IET«i?7y Kjl(cit«$-&5.XSi:. (c)t;x. 
i?^Sr±fB3T^(0Sffit;i±ia^-tir5Xiei. (d) T 

SXgt, (e) ^/£< it>-oro(Sil^;4S4 5° coM^ 

^5r±lBT/^°-^■vrt^;lJl^fiS;■rsxa^:. (f) ±m-^ 

^^i^m^m^-t^umt. (g) 4 5° -Cffi^Lfc±IE 

ge^^tsr^js^b-rsxst, (h) ±mhu>"^<Dm<D 

^(D—U-^^m^-t^TMb^ (i)VCSELlf-A 
. ;4S±IE=>Taic:M-a-$ti-. VC S E Lwm^fi^jS^S/JJ 

(c, VCSELcD^3fe^S:±IE^MS(OT{a)t-lB](tTV 
CSELSriaB-rSXei:. (j) ^JS®;dS±iEVC S 
E L-^<D«^6«J^^Sr-^;?L5 i 5 {C_hflEV C S E L 4r± 
fE^JSStc^-g-rsXSi ?r-&tf„ 
[0 0 18] §1*91 6{c|S«Stt^c*^PJ{CJ;57Ky 

(a) ft9^Lnrffi;&s«^is:«-t-sxst. (b) & 

JR^%±IES««D«®»cJta$-arSXigi:. (c) ±15 

^mm^m^^^y h'Rxj^mmiz^<^-~>'^-t?>iim 

(d) »Kx^M;^<D^JlSg^ffiSriiS$ttfc«^ 

Kfcgae-rsxets (e) ±iB»iK7'>'-«-<^srJi 

lE^MS^sic^-^-rsxsi:. (f) -^^m-^mmw 

-Srt!c«i-5XSt. (g) ±IB«^«3t«:S:Wlg-r 

SXet, (h) «ffiS;^?r¥±a{l:^4xfc±!H^^«it 

ssr^^-rsxet^^tf. 

[0 0 191 it*:3Si 7jj:fE«$iifc*«?^J;iJ:5sKy 

(a) mioS«?r^fi-r5XSi:, (b) Jte^tt^^s/ 
7 r a *±fEm 1 ®S«(Z5«B{!:fl^fig-t-5 XS t , 

(c) TffiS.O!±ffiSr*-r-5«^<©»|g7'/<^;^<?3Tffi 
Sr±fa^^s/7T^{-St?)f^(t5Xgt, (d) ±m^<y 
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■r^TMt. ( f ) 'pf£.<t t>-o(D±gBttffi|r'>/i< 
nt. (g) 1^ 2 </)S«4-±|E^S^#l3tfr<DSm Ufc± 

ffitcstfj^^ftsxat, (h) ±.umi<omm^^^'!^ 

<TMb. ( i ) '>/i < i t-o«©«S4:i:ia'>/j; < b 
[0 0 2 0] ±!E©*jiiq(^-ffi»cj;n{i> fS<0:*:#v^ 

MRxi^^^ y^7'^<>(^ m^t£. mmm) i>mm:^ 

S^cK (CW) X{4?t-'^l7-(7)/^Vu;^?iJjii: LT*a$tv 
BS*a{k:*ri£(4, VCSELAU^LD ( tJ^y^T 

[00 2 1] if-^'mmmmxt^ 

J; 5 a: Srffl V ^T^jKKgtcSftii 

tf. ^P^, VCSEL, S;3t*-^^> *;^'1'S'^, 
■^^^ir-Y (LD) . K^'T/^^^-yT'. ttigH^s'T* 
t') 1 w mTiS 2 5 0m m®;*--^^-(;5®?|IK;jf 

[0 0 2 2] *5!l^<^^<Z)Stt. 7$4^-i^3V 
S:*^^. ^v^-fs/^, ■^^tlaJp'?.^ K^^^-^^^s/ 



if 

[0 0 2 3] ^%m<DM\mff>mt. mm^Mcmmi^ 

OLM) *s^*^^5<, Sfc. IBBMH:, ^iglRi •) 
[00 2 4] ±m<D!^mt. ««roi£i>SffiffiSrltJP$-e: 

5„ rixP>(Oi|$m»*, )feafe?ijy ^/^'^v'^-zHcjiffl-t- 
sri^is-ets. ;*:5l5gic*5V>T, -^jv^^y-if^i^zx. 

m (pcB) . ^->:/f--rx/-<s"j— i; (csp) , s. 

[0 0 2 5] 

5, iaEa^s«ioi4, jty >'i^stj««^SK<7)^;&- 

+iSaig*tT5Jtffl;^=-^/i'^^s/:7°*i?3.— (OE- 
MCM) X«<oj^^Srjfc-t-o S«l0tt. '<-;^SiKl 
2 t SttS 2 0 i: Sr^tfo SttMtt. 2 4a- 

40 2 4 h *l;T-;=^'r s/^V^/x^^-fX 2 6 a - 2 6 c 
S3it7'^W;^2 8 a -2 8 c i, ««g«§3 0i. 
I C^s/7'lffiW«tt^gK/N°S' K3 2 tSr^tPo I 
ffittS 2 0 :7 y 7*5^ :/^(::M;^#tt ?> 

ix. mm(oiiM(o^^y(Dm^(o=^:^i'fi2icxoxm 
2 0 <DSiB^^^• s/ K 3 2 ic^fmm. $ tvs.. --esi t l 

6RZ^2 8a. 2 0 izm.^}2^-^n. if^b<f4. 

mmm 2 0 jcafeji^nswr?, mitm 2 0 <o±b»ii 
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[0 0 2 6] =f-y:f<D^(r>m^yt. m^S8S3 Olilio 
6^(ceas$tl2>o «-^J)5«&SS2 4^3tliJ;-:^T 

mm-ri>^tt^«imx'h^. t/tm.it. *«8S2 4{c»o 

L<i4, #5^^(D^>4SgljOST-t p-g^^tJ^tlSS-a- 
«^jSSS4 bJi052 4 c CO^T-^J-fiJ^tbS, ^ifiSS2 4 
b F*3CO*(4. yf^- 2 6 a t;iKj^$*T,, 

LTigjgsS2 4 d±tc3is^e<)(cia2i$ix5, «scm-^{4 

2<aroSgi!^/N'S' K3 2 ^'itX.XT.^ s/f^2 2 a 

^&K±2 4 d T'Jfe^StcSEift^ixSo 

[0 0 2 7] ^JKSS2 4 d{4, ;^-r 5/9=- 2 6 a>4^?>. iBj 
m<r>mm.^<y KS 2SLt5 = ^^^' 2S:^L-C^2'7'1 d 

,7^2 6 b{csss;65^«t^>tt5„ ;^-r s/^2 6 b(4. m 

2 6 b tt. 2 4 e &V2 4 f 

lxfc2<iro*f±|;^;5rW-r5<, ^-T 2 6 b '^(OS^A 

<Bjn*^(7)3ttfci:;»3{Ciaj2^-r5o 7.^y=f'2 6 b Olf (SO- 
f^^Jfi. lll2&t/3^#fiaLri5i0J$n.5o ^iSSg2 4e 
S,t>'2 4 f ±ro)tft-i-«. ^n-^'tV. 2iB<DS^x/W 
8 b&052 8 clCtt^^HSo S3tx^<-1':^2 8 b 
S052 8 c f±. ^rii-€tt«)3tm-§-Sr*l-;£:LfcS»«mf- 
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I Cf^-;':/! cSO^l d Ji(DA;'3lHl 

•r. Wjg[8S2 4 d(^(±l;^(*S:{t«S2 8 b^L<»42 8 
[00 2 8] «M Lfcffi«T% ^i68S 24c ±(0^^<V 

-mn. I c^yyi ht^bcom^mtiit-^ii'Xoxm 
x^ffi-r^mi&^2 4h±\cMim^ti. jtm^-^/w^^ 

«)«ffl^tv5o ±J&Oiit). ^iSliS*- K;4se*8-t-5S 

<^:^T®^F*3fC4 5° (Dm. fe^/iif^M^^^ii^, =iT 

^m^-t^mmn, 2 4c %:nmmm-r^ t . »«ss 2 4 

20 c««SgS2 4di:B&ii::ft(c35Mf'5wi:;4S*3;{i^.5„ r 

T. ^J^8|2 4 cy!)^P,^JK8S2 4 d{'^5^-t-5)fe<7?l:. 
so:, mcmm^ 2 4 d Ji^Pj^Lj^l^ 2 4c {^^S^f S^t 

[0 0 2 9] 3tm^-v/l^^f^5'7'^v? 

So ^<^-«S|i: Lr;T<$ttfcS^*^2 8 a (4, 3t7r 
-r^<3A»e>^StK2 4 gSrifM.T3fe«-^S:S:«i-5o ii 

n(Dvm='^^^ 1 3nyT-^^<3^mm^2 4 sizm 

30 M-t-5:^*^ffl$tvs, ±iE<Diit). 4 5° 

tt, Si^^-'s' K3 25:U5='^i5'^'2Sr^LTI C^s/y 

1 c±«A;^li]SS{cW^$tv5„ 

10 0 3 01 lll*$tvxv^/iv^;js. *#&ifS«5^ 

lilHc^$ttfc#iSK2 4, x^^-r;=^2 6^^t;«2 8, « 

^SK3 0, mKmn^<yh'32. :7r-r ^^3-5, R 

5 0 mC»::^--;J^--^&iJ> AM6<)/i I C'^'yT'O— a 
05fi${4l cm75M4 cm-Cfc5„ AMW'tx/W^2 
6St52 8cr)i|ii(4, 1 /J m7!/lg5 0 M m<;):^-y— T?fo 

OS^-CfcSo :^2 6XtF2 8<DS$ 

80 1 umTbms 0 0 0 iiTa<0:i — t?*)«J, ^.^S 
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ii6^?ix/wx2 6s?>*2 8(7);?$. -r/ii2*>, m)3^ 

2 6 ^ L < {4 2 8 r <D 

[00 3 1] m2 (rtt, )fe®^;:^-f s/f^ 2 6 c <0#jff© 

4 c&t)5 2 4 h t*('^m^-:^'f ■>'^2 6 cnirn'mt^ 

*$ix-cv^S„ lil2Sr#Mi-5(c. ffittS2 0fi. ii^I5 
At m roff $ (D 3 Ttt-i|S|-CD^N* - S ixfcJi 2 4 J; •) 

^fife^tt. ^-d^?>fiSlJCD^IS8S2 4 a -2 4 g^SJi^fig 

^y -y Kg 2 1 ro±|cfl^fife$*x, 112(^^7-;/ K« 2 3 

SJ;5}i> 3t»)SBS«, 2a«roffiKf* (ni St5 

n2 ) ^*i-5=>T*ti|SfXTJ«^7y KTOt«^$^X.5 2 

•9 tii5V''JB*f*?r*-t-6„ ^7 2/ Kg2 lSUf2 3tt. 

ttSi<»7-;/*^t:3J<y -I" ^XOP I -N 1 0 0 5*^^>i5!f^ so 
<Dy ^mit-^-V ^ ^■f'OP I -N3 4 0 5*^fcMf^1-5 

[0032] >;^'s/^26c i-xmmm 2 0 (csfeii* 

T^J^^'/l-P^'T 3/^, *&^M;^-r-;/^. «^®l|5l (E 

A) 3t'^P^. ^i^^^y- h;=<^'i'3/f^/j;^;55^*ti 
2), I212(;i^r|^^ttfc;^'f s/^^T'^W^^ttF^SB^ItJ^ 

^m.'=F% (EO) *fi|£|-6 2 6tD;*:frgp(cii9«fig^Jx 
So lll3iSr#figi-S)(C. mrf-^P[Pt6 2 6(O^W-U\-i. 
Mtm 2 4 c i |g 2 ©ffi;'3^jgE!S 2 4 i t (Df^coaiii-fe 
^->3>i, ffl;'3^jS8S2 4 h'^©iiiiH?^'v'3 V©S 
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Mi|£l-6 2 6(4. A:'3igJdtSS2 4 c ta;^^!^??^ 
2 4 hS,t/2 4 i tCOr^fDSggd^f-tfcti. ^=7vYm 
2 1 t 7 Kg 2 3 WffitClltK^^ixS, x/^-r ;^«>« 

t i^xhmm-r^ 2 <@(D*f [Sisn 2 7{zx.^xm 

#*>PPJp$ixSo ll2»»rffilillc«0*$tb^^v^ffiv^m 
^iil8S«. ««i2 7Sr*>*0«i^/N*s/ K3 2{c^ig^i- 
•5, SI^^-'^S' K3 2«, |g|2{C|ll^$i^T^^;:cv^;6S, 
m<DmmX'(OitLW:i)^WiBX7r:^tiX^^^o ®ffi2 7Mlc 
m^4M!!>S«V^^i-g•, 3tf4^jftltS2 4 c*>f>^JKSS2 4 i 

5>;6Sta;^astfeBS2 4h©'t'{cASJ:5Jc^{b-rs„ J; t) 

p«i{cj4. 3t{4x ail 2 7 (DWzh^m^fftmne 2 e 

#fpm5, 4 4 4, 8 1 l■^(c|E«$4^TV^SJ:5'S« 

3t*ti|^6 2 6 {4. -esixtf, A 1 X G a i-x A s /A 1 y 
Gai-y AsfiOa:5'&III -V^mt'km^hilFhitl?) 

#^<Ol:TF#F-r^MxRU?»^K5' h i- i t) fflffig^tt 

[00 3 3] m\m 2 0 (4. mm^m^m\>^ 

xm^^ix^o sjir<r>isimx\ mmmmtit. mm'WR 

•tS, -eHiUT. ^75'Kg21«:, :^l3]{-'<->^S 

«1 2±{c?i^^§tt, ?)CiC)t=iTS2 4<7))l^^!S;S:t;:^^<? 

V^T, «^SK3 OS.XJ^mKmm^<y K3 2ASJi^fiK$tb 
5, Jfem^^-X^^-Y ^ 2 6Rrj2 8H, figijtcj^^^ix, 
7 5/ Kg 2 1 (Dm^<P^ L < (iJi^fiKm, *^o, 7 ?/ 
m 2 4 2 0 (cm^iiiStbS. 

mmi,cj^i^-r^:ittix%i>o mx-it. iii2ro^^j/f- 

2 6c »TSB«11tt. ^ 7 s/ KS 2 1 (D?i^figBtfic?i^fi£$ 

tt?><. 7 K« 2 1 mmmc. mi^iknm.^^um 

^E;Ssa2 4cofc«)<D3T$t!^(Cj;or«?S$ 

ei^fc^ti-So rco«ffii4, M^itume 2 6(D±^ 

•?-3t#ii6|-6 2 6(4. ^j6SS2 4 cS.t/2 4 h. M 

Wc. «^?t*ti^6 2 6<DftiSil6<)/iY^J&:J>S§M4^»/-5 

SrfflV'T^^^'— =i/^^cix5o ^yifh'm2 3t. ±n 
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mil2 7StJ5y-?5, K3 2<©^JSJi«)«>:(;iJl^)^$it5„ 

(0034] mA(D (a) S3t*T-X^^'l' ^ 2 8 c 
»f=i-j£W^Stt^2 OtDg|55)-»f®lilT-fo?), IrHIO (b) 
tt. ^^fiSS 2 4ft *(:iS:3t*^T'^^-r >^ 2 8 c Sr^-f" 
±iSj|ilT'fe2>„ P^-r 5'^2 6 c ^%m'i-7'^< 

X5«i 2(75±iBi:»I^Ji-5o ^^•©S'feSa^Stoail 
*^T'^M;=^?rttffl-rsn i:y45r*#?)„ m4(D (a) 
U« (b) lc*$ti;fc«RJ*«)/iS^«^^7'/W;^«. 

2fi<D^*i6J^iji:||:|^miS;4S|il 
2 8 c (S. SUiBlc^fiK^ ti, ^7yh'm2 1 (D± 

m^mm^n. m^n2 4 a - 2 4 i 'tm^-t^mit.-!' 

y y ¥m 2 1 i'^^^Jt?), 6 2 8 Otti|SHi«<i 

^Mzpnm^t. -:)5(nwm2 7KnMMm^Mz.p 
mv-y'hmLt. ikis(omM2 7KmmMm^i(\^tin 

it. HntHlizmj^^initp i nm^RXfn i p^^SrW 

tB^tej^il:^2 rpBio^mzJS'XMt-t-s. ^tz. 2<B<D 

[0 0 3 5] ±tecOaii9, *^J(C J: ;^ 

2 8 c tt. sufsfcKf^^tL. 7 s/ Ks 2 1 <D±mm 
ii^hti. mm^2 4&-2 4 inm^^tumci^yiy 



76 

xm^^ti^m^. ^^m^y'yu ^2 8 d*. S2 1 
iim^m L. < 5 1 1 tcji 2 1 

J:v\ KS2 l/45a^{J:J:i3«^^n.5^^. ^ 

iSJcV^T?. y'^U ^ 2 8 c 5:8 2 1 (C^ 

9|jfeliS2 4 a -2 4 iRXf±n^7y KS2 3«. |lfi# 

{' Ji^^S ^ur it^^m^f^<-{ ;^ 2 8 c 2 

7^-r-fl^^$tl5o ±lfB^^'7-f-1f-->3 ^-en, 114 
<0 (b) {^3lil*-c?*^?tt-CV^5J;5(-ig8S3 0S.?J«^>°2/ 
K3 2S:#.5fc»JI?fiS;$ix5o 

[0 0 3 61 I1I40 (a) Ox^WXtt, m^^^-g-tJ^tv 

tifcm^sssictitfcjH vt^w- >-^^-r5 r t ic i 9 f^sas 

[0 0 3 7] ;*:^?^-effiffl$tt5S^t*^=-«. U^-^i^ 

^m^tzmm^-^^. 'S.%m^(D±Mitf^2(Dn.m^^ 

tf, HISCO (a) RXI (b) 

<OSiJ<0iSF*LV>||li«»j2 8 c' Sr^L, 0 6(0 (a) S 

(b) *^l«(CJ;5S3t*^C>SiJ(©$f*LV^||:te 

(a) (b) (r*§ixSJ;5lc, :ftWffi*t2 9 

Bite^STv Mxtf. 2 9 o»gif -cm^^t • g^t^ 

^6 2 SIcm^iiA/T-tiV^ ±ftlJ/^°S' K3 

t±v\ Hero (a) s.t5 (b) \z.\-t. mx.\t. 300 

nnK^ff^i, 3 S a VOi® i: > 500%^u:y(D-^ 
«i:Sr«x.fcft/6Si9 <^aofcN i C r IKSr^tfgijroAlRf 

1^. K7^/<. ^v>«. ^:Ofl&<7)|Hl!&*sflfe<om«x 
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[0 0 3 8] 117*4. >^|gBJ{;iJ;S^®^ffiSJS*£S« 

10' (D^z^mmnm^-^wm-r^hi). ^mm^m^ 

I Cf-j/y 1 a - 1 d;«^?><?5{t-^tr^y Vi^^ltl^a; 

*v?3.— (OE-MCM) SiEwj^^/i-to HIK^S 
«1 0 tl2l7(DS«l 0' i;l*3V^T*fflLfc*^{CI4* 

*S10' (4. SSl 0W3tm^;^-f s'^^-r^^'f ;^ 2 6 
a&tK2 6 b©f5t>«?{C5g*-r>'M;^3 6 aXTJ^S 6 b 

^fi^ffli-^o ;^ 3 6 (4, »«io<D3t7r-r 

ro-c, S«io' {c3t:7r^'>'<4{4ieM?t 51 

^xVW 3 6 (^14. ^%y'<:t—V (LED) , U- 
if^'1':t-K (LD) . SS^*S£«ffi*5tffi I^-- !f (VC 
S E L) . a^#^« L < {4*^ K y h f'/M 

[0 0 3 9] ia8l4*^BJ(CJ;5^3tx^M;^3 6 bO 
^lllJffi0iJro|FP5^©fEiat?fo«5. lll9(4^jgK2 4hi: 
B§»Lfc5l3fex/<'l'X 3 6 b(7)±BEIt?$)S<, ^-fy^ 
2 6 c t >^ 2 8 c (4«ttg 2 0 {Cffl 

feii^ix. ^(DTffif4'<— xS^i 2(75^Ei:>l?f|6]-r 
5„ >^ 3 6 b (4. ^^{^cDipi'i^^ttt-ilsFW 

*^*:«B6 3 6^L<t4 5='9^y-7'i:, *<*:gB6 3 6(0± 
ffiXt)'Tffi{CJ^se^tl-fc2flSO«;g2 7 t^^ts. 
x^^-f x 3 6 b J4, 1 m&^^.nmmt^h^^ L. 

:;*--K{cJ;i3«^^n5. *^0^)t'r ;^ 3 6 b 

(4. SiJfiJdWfig^tL, i!'9s' KS2 iro±^L<(4rtSl5 
(c^tt f>tLfcflHlro±tciag$n. {4A/fc*XI4^JSffifi: 

a - 2 4 i ^rffMi-Smid^ 7 s/ K^{;i»«^tt^„ r 
tLe><og5t7'^-<-f'p^co<^ia^fe(4i^*S^ffict5v>TJi^fe 

[00 40] f^M't'fC. S^x/^-r X 3 6 b <D^' 7 y K 
® 2 l-^cDgafii, ^jS[K2 4 hC0y-<^'-=.>'^(4, ^ 
-;^S«1 2±(^T7'r;<>'I'-7-^SrfflV''T^fi3H 
■5, ffilf^'ftc:. ^fi3 6 bXf4it«K«S2 4 hW/N"^'- 

<OT\ Sitx^^'^f ;^ 3 6 b co3ttt;:^i:^iSJS2 4 hco)t 
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^M;^3 6 b*>P>(7>3t;6S3t^)KK2 4 h t;iAlt SixS r 

[0 0 4 1] r<DPS^^rowtH4f4, SK3 0d»e>« 
1^2 Ttcx^'r^/^i^f^iiii-s^-^jctrajffiJ^'iSo ^ 

tut. T^&t;i#Jtra6*)'irF^ffiH^«^-r 5 r t 

«i^-t»sss3 os:t)5Sii2 7(7)ji^^jgfiL. m^^n± 
[0 0 4 2] mi o\a-i^mmizx^^^f^<^ e 

b' com2*Jfe^(Og|55>»Tffill^s*$ix, mi l(rf4^ 
tuTV^S. ^yt'f^U 6b' \t. ^^Pt^^::^^y:f 

ixii^-f) 6 3 6 {mi&^tifcmm^mmmikm i— 

if (VCSEL) 6 3 8 Sr-g-tPo. ±fE©^3tx^W;^© 

fc05iJ4S/j:9x VCSELlH^e 3 814, s.~f-yy^ 
6 3 6(r)±ffit'>lstLSii:[pItCD3t?r^^^-er5„ S«6 
3 6}4='T@2 4WTffliJ(-fet), ii6 3 9J4, ^^6 3 
8(DSji:3tlf--6.Sr^j^lS2 4hJ;:g|ti-5fc«), -f/i 
7k¥;&-r6]{>:»oTSIt^*Sfcfc. vcsel« 
^•6 3 8(D]EE(cgBe$ix-5c 1^6 3 9 (75^E(4, »t 
L<I4, «^-0*tf-i>.{;i*fL4 5° (D^^ie^J^Ci-o * 
^jgESS 2 4 h «J4, VCSEL3S^6 3 8<0±};ifc 
«9. S««ffi<75fe«|-<i5' h/K'MLT (»*L<t445 

-:^S«1 2<D±ti{cSji:'i^^ b/w-CfeS, ■(«)^J4, 
Stg^Ero&JI'^i? h^H'BILT4 5° 0:ftS-C®fte> 

l£tt'f;tVis/f-i^;?' (RIE) 5r{SffiL.Tt>1tt>/i 

ym^^mmLxhx^\ i^6 3 9(4. mx.it. stt^ 
m (Ag) . r/w5::^^7i. (Ai) . (Au) , m 

40 (Cu) , ^uM, (Cr) . ^i^^;^7=->- (W) , 

>- (Ti) /ii'>is^*ix. K^umnmiat. nmt^f- 

t>> {Ti02) . -mtmM (S i 02 ) X TJV^^ 

{mitT/v?.-^M.A 1 2 03 ) . mimm (z n 

0) , miti^oM. (cr2 03 ) <Di.o^mnicx<om 

1) ^hm-i>^fi:m.fz.iimt-t^o B^W^mii^ A n = 0 . 0 2 

xfo5«^tc. ±3° (Dm±nmth-:>^i)mn^ici 

60 »JP)0#Sr^S{;itf^-f-5wi:75St?^5. Jjc^'J-tfffiffl^F 
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^^S4 5° ^L<(4^4 5'' (D^mt. » 

^£:; Lfc A n ©flstr*f-r 5.:ft«fF^^Hrtro-t-'<-c©^S 

Sr'S-^i-.Sw t^EEL. AiKD^i^so. 0 2«t#{;: 

±fE(?)±3'' (^:^ftfF^ffiiat:*i-5 4 2° d^ib4 
8° *t:ro:ft«^s^-^^tt5„ ^6 3 9roft*p!9(C, % 

ni i:n2 ^^•t^i(mm<r>ihmzi.^xm}^^fi. s 

1 9 /<c3t*&^(4, ^jkss 2 4 h (om^-m.(omfi\ Ltzm 

L TiEB ^ ?S3SS3t t ffi;3SS^tro3!E^offi«Sr*■t- 
[0 0 4 3] lai Ofc^i^^ixSJ; m^7'^<4:^3 
6b' 7 s/ 2 1 «)T»i*)SiH-!|6F® 2 5 b tcS 

»iA:*ti5„ ;^ 3 6 b ' ;ei5'<— 2(c: 

?t^}c^#^ixS J; 5 tc. S«tSS 2 5a ;6S«-ilsf^ 2 5 
b5r?i?fiK-r5M{c-<-;^S«l 2(7)±i;i)gfig$lx5. J§ 

2 5 aS.O«2 5 btt, i> 7 KS 2 1 < ll^rg 2 

!|sfT"b«*P7fcv\ ^^tx/M ;^ 3 6 b ' rom<12 7(*. 

mil) c ^(^m-t. T^m.m\t. ^-^m^commim 
mitmz 5 a icji^^^tts) o mm-T^^-y^ji-um 

5 brot^i^-eJir=¥-^S'-7'^ffiiit)-C'{><tV\ VCSEL 

^5rfflv^T«l^^>Ji^i^. 13 1 O^Uf i i {c^$tifcfl|jt 

[0 0 4 41 »t5lORtJ5lO' rofcJt)©SttS 

«2 0Srf^SS•r5;l^fe©||^6elJ(cov^TI2l 2 75^1 9 

%:0mLxmm-t^o m 1 2 tjm 1 9 f^ia^'ostt 

Ste2 OWgroKffffiUlTfcSo Ill7F$nfcKffffil3(c*5V'' 
2 8{42V{iPi9-&oTJI5^$4x. 0 1 9 li^^tvS J; 
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/!)^e>S3t^-?x^-<-f ;^ 2 8 ro^A:^):^^?!;*^^^?)^^. 
(0 0 4 51 Ell 2?:^M-t-'5«-x X-T •y^x^<-r 2 
6(DTg|5««2 7f±. ^^5l5ft^ff{::^3V^T^*q(?5ii«(D* 
aS.U:*y y^^7 7X®(Cj:oT. 1 2 <0± 

20«ffiT-3is/^^^/$iX?>„ ?)C(DX@t 

^^/I'ttSaco^y^fbsKy-r ^xop i -ni oo 5, 
jhu^st*, ^v^tt. mm 3lJK^i/«•i|B^(7^ 

J12 loff^tt. 2J:cfisl<t:x@(i<t5i|x)fe^{c, i//m 

[00461 SJtlg^x^M ;^ 2 8 CO J; 5 »a«SiJ<03tli 

^Ifpatt. ^f^L<tt. J12 i(;)7s/^^i:ffl^i«^5J12 
ii)^h%±\zm%^inhmi>c^ S2 i©±lc:iE«$ir. 

{t^ii^c mm<Dm^^•i. m^(D^&2 8(Drii'h^m 

-<-'^y^i±^ -fes/MSfp WJ;ttf. g|Jfn2 8) (DTiC 
& 5 7 3' ^fbSIKSrSl^lRj J&tS: ^? * 5 fejgJS'Sti^ra 

[0 0 4 71 &m^tl1t^^& (^aj^tf. ^p°p2 8) <D 
J;5f^^*XS(OsfI(;^aAt?|gS^tLSo fc5a<7)» 

h-v-^fi. «aJp"pSrEie-t-'5S6<)©fc*, m^(ou& 
ta:(te>n5o ^V^tt, iaSiJtD^fBp^plCTy-Y^V-h-^-^ 
e^tiSSS^fBro^od^WjK'fv h{;iT7^p< > b-r- 
60 ffltttSi, ^L<«. *>^^'-fc.ffliiT7'r-^-«, ±2tiva. 
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[0 0 4 8] ±fS(7)ii»9. m^(D^& imx.i,i^ U^a2 

8) (Dm^^t. »^L<n. ^n\m<. «sjx.«> iti 

T-p(ian(ix ycM. : Yablonovtich. "Vapor Phase Epitax 
itial Liftoff Process of GaAs " , the Fall Materia 

Is Research Symposium dfStt^ tLT V^^^ffi^ ^^r 

tffiffl-et^o :y=^^^^i^^;\-^)yh:ty (elo) r 

nir;^fi, GaAs {IS ^) ^ J^^WcM) ^AlAs (T/W 
^='^J^m.M) ^COFbI. ^V^^i, Ga As t A 1 X Ga 
1-xAs {T;^^^=^^J>.'iSy^M>.^WcM) <bcora<^^ 
:y^l/-^(;)^;^5^^^c:^;#V^^;55W^1JT*fe6o GaA 
sS«;ei^?>i6i6T. A\ As(Dm't)^^\^^^^^y^J^J$.^ 
m7L\^. MBE (5>^-«|3nt^>5rdev/^yl^^ft) , QM 
VPE/.^if) tCioTiffitCjl^^^ixSo GaAsiA 
Ix Gai-x As(Dm\-t^ :3i b'' ^ ^ /WfiK:^ 

ioTA 1 AsMtcifl^^^ti^o 3fea^x/M:^fi. « 

11St>*±$B^-^ry v'-^-i/a >Si*t^:±SFI5G a A sgd 
t LT. -^-r (My 1 a r (R)) CO<fc 5 ^i^jf y 

ISyy^^ tKS;^^ Tlx-f f-ix^z^'Sr-g-tfGa 

A sap^p(7)±ffiiCg)KtC^tt5o AlA 
Stt. GaAs SD^A 1 x G a i-x A s (0iJ^«. 
^^T^/^5c^^) TKy -r-J!i(^^«^tLfc* *G a A s S 

«^^^^ft¥«i^tL^o me>(^iH5D"pfi. :^v^-m^^^m 

^nrzt^i,::m2 mzi^n^ti. :^v-^-m^^ibmti 
i^^ji^y'y<^ (onm i^itTm^^m^mm^'tx t <t 
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nJK>'x-f Au I n S n Jj^Vr^-r V:/, Au I n 

f >( ^y^'f^^:^\z.}^^xn]^s\^fz.^m^<y K(cSt!9# 

[00491 lifaLyb:nif»^^^rv^^/^y Viry^xi^ 
A 1 A sJi(7)ftt)«9 {CcpraS i G e (v-yrr^-^r' 
;^-7::^rj7i,) g^^ffl-f ^v-y n^/ (Si) S«COfc 
J^). S iGe^v-y (S i) (^FelT^MSSr^-f 5 

ixy ='>'^:y:/^;l>^^bi^^®* «9 0^t:^^:3E-^^-r/vy :7 

Y^y'^xi^y.^%'m'^z.ht^x^^. 

[ 0 0 5 0 1 2kcD«iax5S-eji. =irttJ|£f<^g;05<@.!r(o 

a5p"p (0iJx.«. Si5p^p2 8) (DlAzMr^^ri. ^#fetbfc:^ 

;0^*LT{S< ?^j:So mil2 7t^. $f^b<{^. 2ji 

•y-:/i-'Yi'fl. i5^>'^;^7^>'<^J;5^^WS^ h:y:7^*^}is^ 
(cJ:^9«J^fe^i^5o m\2\z,7f^^fhfz.m<n>^^\c^ nm 

2 7fl. aicDT§l5i^:/W-t2 7 X ^l^^y^^l^CD 
^fii^'f\^^^2 7 y m(D±W^y'U4'Y2 7 z t 
4r-^?>o ^>'^:^'r>^ZfU4'Y2 7 yl^^ 0. l/zm 
Atm<^ffifflcDj?$5r*L> ^ihT'l/'Y 2 7 xS. 
U^2 7zfl, 2 /im7!;M2 0 /zmCDlEHOff^^r^t- 
<D±ffifmtfc^^y TS (i«^f*. ^^i^m\.<\t.=^v^ 

^of^^mmm^mtrnm^fi^o mmnt\^xT;v^'r 

[ 0 0 5 1 1 » 2 1 tmit^fllt'^. ^V>(i. S 2 1 

y:7 V^-^:y^^n^f\.xt^hmt^i\^it,X(Dmf^ 
40 S2 lHTgi5mil2 7 ^(D}fT'^W^l^^^tL}sby<^ 

•YSru—ifjtfettjpxL. m^^it. m<ox.ofm 

So >'WT<OfiLgtm 1 2^c:}ol^T r/^>fTj i: LT;^ 
^^^TV^So l^-1f?tfeftJPXOft*?>9(c, ^<^^rT^< 
S2 l(CJI^^$nS-<^T/^-^-Y{cmL 

60 J'>if(0^tmi^\.<. ^:r,yY::^y^>^\^. -Wt^ 
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\z.^ yy v^-^^'^iim^ix. El^li$^^Tl/^^'iv^g2 

M {c:« (Dxs-eji^^ L r -{> J; V \ 
[0 0 5 2] a 2 1 F^OD^W TT^N'-f--y'{4. MWmi 

» ^) y Vi/. ib^^+iiia (c 

Sfci*i)*lU{-S 2 1 ±T-;^/<5'^' y V^SttSo v— K 
-^6<jtc. »v^^'nA*SJt14JS («»J;trfs 2 00 

i^5fe$tvfc^. -^^^^ffl^^-^ s'7"(4ji^/<c>!. h y -y^^^ 
-I" T tl^ffl ^ttSo 

10 0 5 3] la 1 3 Sr#^-r-5t-. ^-Y s/^X^M X 2 

6fflom^^)tMi|s^6 2 6 {4. g2 1 tiBSiJ^asfq (fiajx. 
\i. U§n2d>) <50±icfl^^^ix5, «^3t*ti|6F6 2 6© 

*^*:glS€:IX?)iatf (12 2 OSr#figwr t) o gc^XS 
>;:i>-^^-^tT5 (112 1 5r#fa,cDr t) <, ^(DM^^U 
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^'ftlff?rftffiL-Cti<, 7;^ M^-^;^ hSJ4. -eo» 

10 0 5 4] la 1 3 -cfi. u < ii. 3igi»rtg^i^^^ 

-y^7.'r^y:i^yf"^7.^ 6 2 7 ?r^-r J; 5 f-^^^— =v 

±.\Z.y:i-hl-i?:^Vm^W^f^\.. 

*l/TV^5„ ^l^^f^T-l^^yi-^T.^ 6 2 714, 

x>-05ftffl(;U4|5S^^ii-)^CV^r i:;as^feP>tL5„ M;t 

[00 5 5] ;^lfy=i— T^'f CVD. X{4, ML 

D(C±oTm^3t:t^i|S^6 2 6 W-SSS:}^^i-Sftfc) 9 

1;^)tii#tt^L<J4m^^!SiK1#t4^*-r5¥»^W 
i|£l-0^-;/7'5riaBLTt J;V\ fi»Jxi4. A 1 G a A s i 
G a A s (r>^'K<r>m (X«4, I n G a A 1 A s (^ V-i? 
!^A-;(fy >?A-T;l'5:^>^A-5H:^) , ^L<(4. I 
40 nGaAsP •y'J'f; J>.-U^) ^ J>.-TSi(M-3 >') fi 
t') Sr-^^^#l^rol:^^?^:Fx^W^(4, PPJDP^tvfcfll^i 

(4, ±.^(0:r.\£^^'y^)V'^)y \--iry-f^-^7s\z.^'z>X 

l^i^tcS2 ltciBllLTt>J;v> (ISJl^iBB-etWUJcieB 

El SiC^StU^sXy ■7— t4fl;^3fetfiiSf6 2 6 

»gSrttS-f-5Xigt4. 0±T?«-iis|-6 2 
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*f*L<«, =}-yfQ2e' <r>±.\m^^ 

r<7)9^S/7°6 2 6 ' CO^afflfl, 11 1 4 2 1 (CM LT 
RjiBJ $tL2>xe(c*j-LTlHl-T'fo§o 
[00 5 6] HI 1 5 j!>:<OIiet?fi. 

SB) o±lc?l^^-t-S„ r<DB6<j(Dfc». ;^fc'>'=i-H 
HSr^^^/HtSStO^s/Slft^y-r SiT^OP I -N 

3 4 0 Sf^J; f)^^^^^?), (£m*!ia<©«^. ^^ns 

^L<f4. «^-3fettM6 2 6(D-SI5OJi:$(0V''TtL 
;0vh$VN:;^(D9 0%JW±-efc»), J;fJ^f*L<«> 5- 

[0 0 5 7] la 1 6 ^#fisi-2.(:i< mm<ommnmmti 
2 6st>*2 8 tm^i^m 2 4(DUi^t:f^^-t?,iiK tftm 
»xs(4. m^. m^. mmm^^timi:$ixtzm<o 

[0 0 5 8] spffittti. mtEimmcijzt^ <o . w$.p^(d 
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mO«ffiia (•T'SJfc*,, 4cm2 ) tdSoTS&fSI^^jsp 

m:^hyymtvx<D^>--!>':^Ti^(D^^mt. v'-^m 

<DS6t)<^fc!6. y (DpH^2 1 4roracDfli:*-effiT 
AzKM^i^mm^ h 5/ 7*16 2 7 3t#J6SS 

mmLtzmmmmcx^x. m^E^t^ntzm^i^^mz. 

30 [0 0 6 0] Ell 6(C;^^tLS± Hkcom^mi-UX 
f*. 5fe»c@2 lSriiLTTSBm«2 7 *T-f^^^?tvfc^^ 

'fT{iii-f-?)*T'Jl2 4 5riaS/<^r;JS?I^^$tt5o r 
ro^MTtt, ^Jx(i. u-f-'^L< tt7°9X-r^s/^^^!l 
<^^«xm?rffiffl LT^mttTO-cT/N'-f^^- ^^m-t 

tt, S2 4rtro^Mr*sjg^^tt2>*-eae>itT'b j; 

< . ^ 2 1 RU^m 2 4 cD/-<-^ Ttt^— (O/M TJi^^MSI 

it. m2 4imm^ti^mK «L<{±, S2 4/5s«M<k^ 
ixSMtc. m2 4P^-Q^<'fT^M^-ti>:itiii-^mx$> 

So 

[00 6 1] m 7 ?:#^-rs«c, isfcwxstt. Jl^l^K) 
T-*> 9 . ^.'^fmm.^umirm 2 4 im^^titz^u r 

o±ffi*^P)l^*-r5M2WWfiX@?r-g-tfo rroffSS 

tt'fcvv isfcoxst LT, h ^yge 2 7 m 
iimcmm:^ h y t-JS 2 7 y r roe SrS^ i&JKife^ 
so tclB-rr i:(cioTl^*$tL5o ^'>-^;^T-i^l3F«>^ h 
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@ 2 4 (D|fl55^ 6 2 4 Srl**-t-5 r i: J: () *^tt.5o El 

2 0(Cti=irjl2 4(©gl5^6 2 4/{l5|^*$iX.5Htl(©ffi14 
Ste'2 0(D±S|l7)5^i%$n. 112 1 lC(±3{@(Z)*^jgtgS 

2 4 j - 2 4 1 ?riiifiK1-Sfc*gi555-6 2 4*5^*$tl.fc 
^WS'ttSte2 0<O±SEI^S;^$nTV'>So JS2 4 0ISS5 
*$tlfc|F|55><7)T('fc5.e2 1 (Og|55)-{4|ll 2 1 {r^^^x 
Tl/^?)o rroXgcD— set LT, m^^5t*fi|Sf6 2 6 WE 

ttfcixSJ; 5{c2|pIx-?^-^>-ir$n5„ g24fi.U5« 

tS 2 4SU5«^■3tWiis^■<7)-gi5w±^c:t^^t?>^^fc/^°i?- 
=■v^^$^^fc3l5/^•=i';^:}'S^ttffi■r-5 K9^aiy^>'^ 

ye 2 6(Dmt^ ^SE8S2 4 j - 2 4 1 WilSfi:. iK^-fL 
t>-aL^£V\ !J -^A-Jifc^ (GaAs) <Oi:otj:m 
III -IV^CD{li-g-^;6S-fe-^'->3 ^'e 2 6 t L-Cffiffl^n 

^zJS^TS 2 4 wffljff^j; 9 tSllf6<J*S^Jt:*:t vi: 

*jSK2 4 i - 2 4 1 t^tz^mmX'^(0±ir^^a 

[00 6 2] l^corMt LT. i!' 9 y K*f!f*WS 2 3 «S 

a 2 4 i: TU^ =7 y vm 2 1 oKffi L.fcffi«(75±(^Ji^^ 
^ti-S, rtilc: J; 0 , ?t^jKSS2 4 j - 2 4 i ^{giMJi 

7 mi^-cst?jx5, - ©*3feoi^«j)Si2i 1 8 \cm 

$ttTV^5„ ^^^ymm. |S**Sttfcg55^6 2 4<0 

So il2 4(73|^±$nfc|fB5)-6 2 4(D±{;ia^i'5«2 3 

ro-i:S7)Sfft)ixS„ 13 1 6STJ!1 7 Sr#fig-r5 

h y^m\-tn^Q 2 4<o|^*"t>(;::jEbv^{SB 

ti. 7 s/ wiisi-(?3^ 2 nmii^m^nuzmm^fi^. 

10 0 6 3] Jt^jKKSrSBfig-f SXe-ett, £AT«)JE* 
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mzn-r^^mmti:^< ^-~y ^iB^mm^^^m -r s » 
•a-, m■^^3t«•i|s^6 2 6o-si5Sr^^^'-;i:^i^-r5B2,© 

IS(^/N'^-=v^Srfflv^55pJ;S«> S-?Jt«-i|SF6 2 6 

iJl 2 40iP5::^?r^-?^-=vri-Sfc»^2(DJis/9^v 
yxS?:^ffi-rsr ticj; 13, 2/5=-x-'<;^x 2 6W 
Y5>i^?i^*tfc3t^JS8S2 4 j - 2 4 1 t</)MT-^^/£T 
»o 7-<;< Vh*s^^K$*t5;it-efc5. 

[0 0 6 4] mi<r>mmtmzmm^iti^m2(D^m 

3 6 5 nm7!iM4 0 0 n mOfEffl(7?JgS?rWi-'5*-efe 

nx^wim^^m^-ti>o «i4*«2o:ds^^L. fts 

jftfiSr^r-rSJfe (-iKfitlfC, 6 0 0nm7I;^l. 6;im 

<^®H03fe) ?re«e-t-.5c S2 4;6SfM$ti-2.Bui-«^- 

3fe^|5SSnrtg!^i3T#i|6F^jl2 4<Dfcfc«^};:ffiffi 

ti?>^^t^h?>. )tSrl5B^-5rti?'i«^3t#ilsf<o«sjtt. Mc 
Farland ftb,(;l^^f Stvfc "Method for Forming Optical 
ly Active Waveguides" i V^ 5 ^l^<^^S?i^»*ll*RFfFll 

5, 5 4 1, 0 3 9■g■{;lK4fe$4^■tv^5, -«6<j{c:. W 
[0 0 6 5] Ell 5(c^$ttfc3TJia^MX@(c:*5V> 

±\m^^i^?>o rW2g(C±5Tyn-^fi, art 
60 @(0|ffl<D^#E«>jpa$Sr5feAU, afc!^«)iS3«cSrfiTS 
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M»<^ff^ ti^caa. «L<f4, ^ii&.r\cti:i>xo 

■7°n-^(4, =>T®^L< fi±§Pi?7S/ KSC>V''-fiXO 

il T't c M p *iiaSrtT*>''<e V ^;trffiT-fo So 
(0 0 6 6] 3feflg|tCioTeift$ttfcS3t3g^tt-ip|-S: 

[00 6 7] 12 1 9 ^^ftg-rsfc. ft^oia-e. i!' 7 

mMMS§3 OS.U'/'^y K3 2^iiJfiic-rSfcfeSgc(D3;s/ 
9o v^- Kjl5rS2 3<7)^S^frt. ^<4TT 

^J^fiX-f-Sr i:;6S-C#So ^:tOig»i: LT. mt^titz 



(16) 

i-Sr t^Sffl^LV, 2 0 Oi*->'^;^ Nn— ^75164 0 
0::*-V^:^ bn— A(^Jf D AJid5~<Dg6<]rofci6 

[006 8] So*^(?3*!!.3axSS:ii*p-f 5 i i: i ►) . 
HI 0lc*$tifcVCSEL-r/<-<;^3 6 b' S:±|SSa 
itxmf-m^AtvSo 7 y Kg 2 1^5?^^^ 

10 tuSgrfC. Jtt«g 2 5 a ;6S'<-;^«« 1 2<^)±fCj^^^t 

tt. VC S E Lx^M;=^;45S2 5 a (C^*-t-5„ 3it°^ 

fi, S2 5 atCj^^^nSSfrJ-, 0. liumTSSlMm 

g2 5 a (iyy ^:^i/4a.a^ix^ SEftstvs, ± 

m^<D^m.:^<:^y'^l^i^yti±:x.i,cXoX^mi 

20 (C, #ilS|.M 2 5 b 2 5 a 0±tCj|^fig$ jxSo #i|Sf^ 
2 5 b ;ds 7 s/ SRffcJH y -^-tt-^^Sr-^tpii^, y 7 b 
^iaa^tL. e!{k$tt-5„ i<7)yn-fe-;^S^R«, VCS 
ELr^^^'^©±}c:a''<cSS2 5 b»gp5J>?rK?*1-5fc 

W*xe"f'}cvcsELT'/W;^Sr^S-r5= wexig 

^^-y Kil2 l<^^^;i^e>*&iS^)iM5ritfc'5„ ID 1 0 
l^iTT^^flltme 3 9«, S2 4*S?^fig$*VfcS{:iV^Ot? 

'J^Ji^^-t-Sr td5T-#. ii^(4S2 3y{i5ji^^§ixfc^[:: 

ro±tcl:/i5®«t?Ji2 4Sr4 5" (D:fta-^f]»fU. S 
H5„ ^JSJI^^^nfcVC S ELOft^Pt) (C. ^ 

SEL) Sr^fflLTtJ;v\ Wim^Rxm<r>^%W§SL 

•y^iitL-C. ^JRg2 5 bO*ffi^^:^ig^^^fc^>^ 

y^'rly (W) S;iSvcSEL±0«11<D'f^t?'9tC'ffiffl$ 

[0 0 6 9] ±ISf^iS«SItC*3V>-C, ffl-^rofli^laSfprt, 
«lBltWiae-C^7S' K®2 1 (Xf±, VCSELf'/^ 
-f ;^(C)l5f-r5®2 5 a) i;i®«^tV5„ L*»L, rtie> 

«51L«(6j#-egaBLTtJ;i/\ SPfi. 2 8 ^ 
2 7«:SPfi,2 8*>e><0^gg^<s' KS:^tfJ;5Jc/^^'-- 
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Kg 2 l«Ta5Jl2 7C0^^^Kl±S^-ti:Si 

[ 0 0 7 0 ] ^p"p 2 8 ^K5SL-cSiK(cgag-t-'5 r t 
tt. lfPi?p2 8;6S±ia3iif^dfi/-V'/uy 7 I>;i-7XSl-J; 

a A s !>al-y^;4^^|f|Sfp^e^*•t-Sfc*ffiffl$^^•5A 1 
G a A s 31 :/i/XS(i, IfBpl.^S^' 7 y 2 1 ±fC 
«5gL(cgaB$tl-5*T-3l5i$ix.5o 1 2±<D|a 

A 1 A s ^y^^i/Xett, -'VU'^ G a A s 
a5p"pSritZ^-r-53:t°^df-v'^/W^;0^b5^il-r-5fc«) 
UtT^ixSo LT. Ga As^<;U^'SSttEBXiB 
^i-*«^^^p"p^^»-f-5«tg^«#t-t-5(0T% ^cofc 

fflV>'5!eJSyJS«!E< ^C5„ Ga As l^aiWN^ftcft, 7 

2/ KS2 IScK^ILt^gaK^tl. ^VMi. GaAsa« 

^ti-So vc s E Lx^<'r;^o^'g-{c, r.tvf><7)Xig 
(4. S2 5 a M2 5 b<^Tl-J^fiK$ixfc^JHSiSr 

[0 0 7 1] ?lPSi7^^W;=^Sc^^*5r«jSifSi-(*ft-r2, 
SiJ(©*!iaf±, 0 8 375ig9 0(c|E«^tl-Tl^-5„ 118 3 

G a A s £«±T'htS p< ^^-r-ff-i/a ^'iaa^ 

ti^ «iccD^fl;^-7=V<-f :^ 6 2 0 ^lifife-t-Sfcfc^-^^'- 
->'i/^ix5„ Ga A s^«[K = TgJ4. HJf^^as^jS 

[0 0 7 2] 118 4(C7i^$tl.5J; 7'y<^:^620 
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V (Vaseline) «L < y V V 

?R|^^:J;oT^T^^^^S, 

[0 0 7 3] 08 5{C;^^tl5J: 5(C, ^^'imm'^^) 
6 2 0 ily:^. 7k^B^ Si, A K A 1 N, 

AS:$iJffi LT, TfiiJ^ 7 s/ KM 2 1 Ci^ ^ #{t ?>tv5o 

s^kjkvt'^v^ (TLB) , wm-s}&mm^ (wi 

T) {4. 3^b°^:Sfv'-\'/H; 7 K;1-77^^W;=^ 6 2 O^ft 
-^r/HJ 7 K;i-7x>'<-l';^fi05feE{4, 09 175^9 8(cB8 
[0 0 74] 3it°^=3rv'-V'yH) 7 h;^7Eiii(0 p i nM 

«>x ='T;12 4St;5^'7s/ KB2 3(4, 08 6(C^$tt 

Sct^fr, ±IBcD?«^^y-^-:g?Sxe$:^fflLTi*i0g 

hWi%^\.<mmw-m<r>w.^im\^wm.\.. pin=« 

a*Sr»L<l4^^l:^?*/iV\ CVD, MLD, Sg^tjK 

fcit). ^KiroSiS (•f'^it?^, iiiSM^ti 
»S„ i£:>M(c:f£;cr, it^Lfc^TM 2 4<7)^ffi(4, s 
ffi<?5?t f> $S V-«14?r«* -5 fc * CM P »c J; o T¥ 
a^^:^^^■5o CMPI4. it°^:¥v'-\'/wy 7 K;d-7x^< 
-Y;^6 2 0<:0±SfB»:?V^^7^V (W) IKtC J: o Tf?Jt 

[00 7 5] 086 J: 5 (C, ±fiij^ 7 y KS 

2 3tt3TJl2 4<D±(r1gS^*t»6„ iiXl-itJ^o 

^bi^X%^ ^tf<^i*«;is*#<'fc?.rtTfc5o * 
fc, tJ' 7 y K» 2 3 «3t«SL<^JS^;JS«]x. <t 0 

^«{j^7i<!feS<, mx.\t. 3TS2 4<^)±lc:Jta^tLfc 

(r>^mit0mmc => r e 2 4 j; •) t ^ 7 2 3 
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W<C±<iyiJ^^y Kji2 3J±S^«$tl> y>^h7&^o 

[0 0 7 6 ] ms 7l:i9jk^tl^^o\^. =^Tm24\t. 

mm\:im^^ti^o ^UTRxj^mm2 7its ia8 9{c^ 

tc, T«^7^y KfflS«l 2;ii5jgU(DS«(c^$tb. 1^8 
1 {;i:^^tt5J; 9t-Tffl5mffi2 7&t;«/MT4rf^8S-rs 

[0 0 7 7] 1119 I7bm9 8izit, x/WJ^^coUffitcj: 

^ J; ?) tJi:< $^^?)SlJ<^^^S«^!l;^5^$^^TV^5o aif^jr 
^v'-ir/l^y 7 6 2 0 ' (1. ia9 3{C^$ 

tl.Sr®t)Si5fc». CVD. MLD, sS*^ 

[0 0 7 8] nig 5iC7r:^iri?>tm<. 3T@2 4 

(c, 13 9 6tc:^$tL-5$D< . iJ'yy KJ12 3*5fea$ix 
5o il!9 7(;:(4, milium LtzXokcmi}^^tttC''<^T 



(18) 

«l 2*^b5t!9^$4xS. 
[0 0 7 9] 0 8 375^9 0, RXf. I19 1751E9 8{C 

M L T IftB^ b i 5 d , Sttv^^M ;^ (7>3i f ^ dr /V' 

^»*stei^$ixSo r®iig«i:UT. ^my'y<-^:^m^ 
[0 0 8 0] 1219 OS.tJ'Illg 8(;i(4. Jif^df ix-y/n; 
©g^;^«feSrfieffibTt J:v\ ^if ^f^e ^^-y/uy 

7 ^:^-7l:1g^c:Sig!^^^it«1ls^il:«m-r•5r it"! 
So us 6;^^8 8^t5-f£#fig-r'5{;i, JtMWl-J: 

t^M^tvSo fdxLfi, CMPOtiFtC, ~3 0 0 03^>• 

Jt^^lirSrirtcJ;*), CMP(4^ V^';^?^ V^SrCM 
P;^ bj/T'et LTfflV^Ttt*5tt^t2>„ -Oii-g-, Au 
±0^'Vi^;^7'V|^tt^^T?fe5o *7t. [18 37I/M9 
8{e:;T^^fixfc7'a-fe;^(;iitL, »)K7*^W;^K)Sffif4, 

30 :^->-^/wST-fc5»Jf ;^(4. 7 KS 2 1 tiSf 

$tl5o r^^5><OXg(;lo^^•ri4. me 6 75^7 7, R 
[008 1] ±l5IIJS«f!|-Ctt-oWJitf^^v'-r/wy 7 
{c«a«L<<4Ji^^$tT.. S«*>e>jl5^&<jicy 7 h;*-7 

40 (4, A 1 i-x G a X A s 3i 5^5^^ h f 7°^-a trG a A s 
^^^y^>if. ^U<tt. A 1 A sJii/^Vi/^fgS 

«(4G a A s fc*tt(c:pg^^ti/iV\ I nC a A s P{CS8 
]SLfc3if^df->^yHK5^~l. 3/im75M~l. 5 ;t 

m<j:>P!m^^)y v:ty^ixxhx.\<\ mx.\-f. ti 

02 . WO3 , s i Nx . Si fi^(Di:ofinmtfx^<r> 
60 P>©ffi[Sr*«g^(c:j;5Jg-effi«>jitprt;JSRrtlt?&5. 
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tit, 3>'x>-f-. Itfi^^s/T". Ky'l'/<^s'7°5r«* 

teSfc. Au S n*VxV ^^i^'x P b7K>-x-< ^-i/. 
l±. (iAyfc'yn-fe;^, WIT, T L B^i'iifOT^ci-fe^, 

[008 21 5<c^l^©lftl^'*'i-ISe$tlfc-r'<Tro7'n 
rttrj;*), ^'n^y<— (XBAR) ;^'('s'^i^^ffi<0 

[0 08 3] ±fifccDjS14S«<©f^S!;^)SfeJ4, J; 

TtmT-ti aJSsi^ -> X 7^ A ^ f^Mf 5 fc ji^fcffisi 

$ix5o 'Py^tf, lll2 2T-(i, ±iafl&ttS«2 OAS^<s/ 
^•fV~l^ («L<f4, -v-r-jK-K) 100»C7K¥* 

f&]ic©»5{t(te>ixTv^s„ /•<s'^'7'i'-:y 1 0 Oil. ffi 

■i4Sffi2 0 trnfab/t^jg^^-rsirfflro^stei 2 0 

Sa-e#5„ »JO0ijTfl. flH4S«2 0(4, l2l3 2^S:t)f3 

%\\(Omx\-t. fiSttSSl*. H36;/5M38, 1^80. 

u:. mi 1 875S1 2 0f;i^$ti'5J:5l-, ^SflfilSSf- 

[0 0 8 4] *^Mi;iJ;5Mi<^-^/i'^^5':/*t?3.- 

*?2 0i7)/^-;/i?-7'U->' (^L<«. -vf-'-Jj^-K) 1 

0 0'^(D*qz:&[6](75Slf^^c:o^^Ttftl^■r•5, ^^yiJ^yu 
-vioo«. 02 3d»p>fc*»5J;5t-, TfflJ^'^s'K 

m\2\t. ^<9—=^>''^^im.'&^h,fz^Tm\ 24 

t . ±ffiij^ 7 5/ Ka 1 2 3 i *ffll/^Trtg15frJ10^^ixfc 
«i!c«Ojt^jSS& 124a-124h ^&=ft-t--5?Stta«S 



(19) 

36- 

S« 2 0 SrUX^ L, #?S14*«« 4 <@© I C ^ y ^ Sr» 
2 4roS8SSr*-t-fc«), ia2 2fC:fc 
ft S 4 cOffittStSO 4- 2 <icoS14S« 2 0 «Sl "9 ^ 
^^^T^^S<D■e|il;^5$4^/il/^„ ^^s/^T'U— > 1 0 0 

MCMStt««2 0t<^WT')t«#«riill5ft-r5« 
^(©Sii:^3»t;«; 7*7 — 1 5 4 . 1 5 6, 16 0 5:"^ 

±IHcO^MCMSttS«2 Ott, V^«M^=i4;i? 

^ 1 375M1 ^tm^>.\.itmm.mtu y-fy- A 

10 4 8-eg^g|x.?>nTV'>S. r.^^t>(7)lE^^(-o^^r«:, 

[0 0 8 5] 0 2 2{c:*5V^T, :fe±Xt;5;&±(OMCMS 

«2 0CDTffii)(-&5»iSfS&tFM^:* -^y^-O^M 
f±, :feTSt;;&T'^MCMS«2 0<7)T{aiJtcfe5^?68S 

oT, S«2 0*s||^$i^■cv^5^:t (*±st;5*r±<o 

fitB) ««2 0;i5*ig^ttTV^/j:v^t# (;feTS.t;5 
*T(Ote«) i:Jc*5(t5/^s'^'7'u-:y 1 0 0*511:^$ 

[0 0 8 6] /^s/^T/U-Vl 0 0ffl<^>3tagtt, 0775 
Mil XZ-W^^XltLmM^n^^f ^'^^ >M 3 6 -cfes 
*Jt7='^<'1'^ 1 3 6t^J;<5^^^ti.5„ ^JtT'/WJ^l 

3 6 rotH;bJl^i8E^ 12 4a {;ig5ig8^ix, 124 
a (4;fe±CDMCMa« 2 0 t^lKSLfc^Bff^T'SSSd^f^ 
e>i^So ^(O;®^**?). ^StSSl 2 4 at±*tl9 0° ^Sift 
*ffp>ns fe±«)MCM««2 0(7)Tfc:iai|ft$ix, 
©MCMS«2 0roT?riijS-f-5J;5(c®fi$tv5„ % 
^y'y<4y^i 3 6 i::fe±(75MCMS;K2 0 t(r)mx\ m 

30 jgJSl 2 4 a «*5plf-iN;^7'y s/^ 1 6 4€riijSt" 
5„ ;?K¥li'-A;:^7'y yiJ'l 6 4«, Jt(D-«fP 

5 0%) «)SS§1 2 4a tm^Ltzm^^^l 2 
4b(c5>ie-r5o rw*¥tf-A;^:/y j/^' 1 6 40« 
itfl, /^s'^'^w-Vl 0 OO-/iS:6<]JSIft0JcD^(ci¥xli 
-r 5o *iS8S 1 2 4 b 14, :feT<^MCMS« 2 0 ;6SiaB 
^ti6il3f{-^^^n, $e>(c, ;&T<^MCMS^2 0/45 

9fWT{B-C, «jggSl2 4btt, ^(O-^^MCUmS. 

2 oro±[B]#{ciifTS*-5®ii:t'-i>,^7°y i 5 4 
40 L, -c^fess 1 2 4 b sm^ifis^* 

2/^7-4 4 m2 3^mm<ozt) ^m^xm&^2 

4 a td^i^^ixS. Sii:if--A;^yy s/^' 1 5 4atJ«S 

ftffliBEM*i/:/7-4 4(^«ig(4, y<y^yu^>l 0 
[00 8 71 afj^SS 1 2 4 c (4, feT©MCMX« 2 0 

i:*-TWMCMStg2 0 tcor^-r-*m-^^e:S-f-.5, & 

1 0 0 MCMS«©11&8S 2 4 h C5)^Sg<DTfl!l 
f-Sftffl«fM*S':r9— 1 6 OSr-g-tfo 
so «2 0*»P><Z)3tft-§-»4, aifSffl*KM*s'7'7-4 8»c:J; 
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1 6 Oiir©^?r9 0° fcJtftlfr, ^KSSl2 4c<D 
^iSSSl 2 4 c (i. q&TOMC 
MS«2 ooTffliJ»cfc5aiftffl«fS*s/'7'9-i set;:: 

^T(^MCMS*S2 0O§:<tffliKSM*-;''7"7-4 4 
(©■^>-^Sa±f6]t(Cjt4-11rS, *s/7°7-4 4{4. %^ 
S^Lr9 0° fc'(t*lf. ««2 0<DgfftBS2 4 g<Z)'t> 
--*¥;^(^{:iittf$*5o mm^y^7-AA. 4 8. 

1 5 eSU^l 6 0<^«jt(i, /^s'^'T'U'— >-! 0 o<©- 

«!:e«)''jitftP^<o^t?i^»i-5o l 2 4 e fi^iStK 1 

2 4 c ti^«nc:«^^ix. wmi3v^'7-tmMmTt^ 

ftfflLT(Rl«C0ff^T';fe±WMCMS;K2 0!4»P>*±©M 

[00 8 8] ^jgSS 1 2 4 d ii«»VSJ=i;^^ ^ 1 

1 2(c:j;oT, -*o«T*:7r-i'''^i 0 2(cSi^^ 

i-?)o i^jKSSi 2 4 h o-'^<r>ifg-x^^2<r>^mm 

-1 5 6{1. Jt{t^tr:feT«»MCMS«2 OroSftffliif 
^;<7-;/^7-4 4ro4>'^±;^{Cjiff^it5o rcDi£S;(7 
5/^7-4 4H, 3tm-§-4-*TroMCMS4R2 0(Di(j[ig 
4 gt^liiff ^-e-5„ *»jS8Sl 2 4 f gW*. V« 

=i^.j:^^ 1 1 3^^UT— ;^o5ffi-e^7r-r^^i o 3{;i 

mm^fi^o mwL^i 2 4 f fi^^r-f^^i 0 sd^e.^ 

[0 0 8 9] ^jgESSl 2 4 gtt, — :&©fflT'||2(^gm 30 

^JKSSl 2 4 grotfJciifeSo ^jSgSl2 4 
grot5-*<^««. il«WV8|3;^^;J'^' 1 1 4{^a;o 

xityr^^<i oA\z.mm^fis ^asKi 24 gi^ro^t 

5Sr^UT)t7T-1'''^l 0 5{C^gg$ixSo ^SiSSl 2 40 
4h(4, ;&±(DMCMSiRd>f>^7T'1'-'^l 0 

[0 0 9 oj maiSJIii. El 2 2(;i^$^x5J: ^ 
fH4y?o, Kl 5 l^O^l 5 2(iJ;-oT^^s/^7°W-Vl 

0 0*»bMCM?Stt»«2 0{;::e»$n5o mJStt, fit 
•t4S«l 2 0l^(D^«'f4Jli::J;oT/^-;'^'y^-Vl 0 
0(c5i-ga$tlSo ffit4MCMSiK2 0(4, /^'s/ Kl 5 1 
XTJ^l 5 2'^©^i^<Dfc«>wmLfcflJg/N*s/ KSr^tf 

1 5J-i«:*:^ixS= y^yfzfi — > (-r-if-ji?- K) 1 

0 014, MCM*i>a-/K^ra-em^ft#S:ei*-r5fc 50 
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[009 11 MCM^v^^-/l'^L<<4^^2/tJ'7'W— V 

rig^JSigSTWj , )^tv^f4, r^gfss 

<!:1I?iJ^*l5 i 5 IcfSttg 1 2 0 ©ffi^l^S^^ tiSo 

J:<, *V^I4, ^mjSl4^ffl53taS(CJ;oT«^§tlTt 



20 V^o 



[0 0 9 2] /^-y^Z^l — > {-^-f—ifs— K) 1 0 0 © 

WCMCMa^g2 OOtr-A;^:/!; 2/^'S.TJ««8^M;!!7S'r 
7-^^:o^^T, 1112 3 75M2 7S:#figLTiaM-r5o - 
tvlb(D|llS*»ib, Ttcfc5-i-;^S«l 2{4ettS«2 
0;!i^f>^*§tv, /^s':?^'^— VI 0 0 i:S<±S«2 0 

}4S*3;4^So -<-xSSl2(4. «SJ;ttf. T/L'?^'^'-^^ 
L.<(4->y *V^i4. ffiW|^*-5Itg/iS^ 

«-J^(-J;0«^$tv, cii.;/f^>-^^^L<(4ftb,©|^*;&& 

yy^^s^-^^Sffil 2 i:SttS«2 0(OWi;i^^$n 
5o $ e>{c, -^-^XS 1 2 2 0 ib^ib^m-t 

Arjavalingamflfc{C«tT$nfc*H1#fF^5. 2 

5 8, 2 3 6#{;l|E«^^^TV^SJ; ^JiS^^fifiW^ 

tLRHt^mmt^mm-r^o sij^rrn— g^w:. s«i 
-y^^mm L. (stts^s 2 0 (D±m\z^m^mii^^n 

[0 0 9 3] 112 3(C(4, /<s/i?-7"U— :/l 0 0(OiK£M 
t'-A;^7°y 1 5 4S.TJ5S«2 OWSW^^M^y 

7°7-4 4<Dffi^(;ii3ftS^^S':J'7'U— V (•vif— /J?— 
K) 10 0 i:£±<r)MCM*«2 0 WtSfffiHIAS^^tvC 
v-^S. ^'«s/i':/U'— VI 0 0f4, ;^S«i2i:, — 
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mi±m 1 5 1 i: , T{aiJ^ 7S'Kl21t, 3TS124 
t , ±fiij^ 7 Kii 1 2 3 t , m2<DmM<on(iL (^7 
>K«L<(*Vc) *«^-r5m2(Da|mi4Sl 5 2i: 
iCfctJlffig^tV-So Si 2 1, 1 2 3S.t;!l 2 5J±, K 

tCti. ^2 1. 2 3&tJ«2 4 iOtl^W^^ttfiffiVV 

^ttfiWWSril 1 2 1 . 1 2 SSU^l 2 4(C^fflL.rt. 

J;i/\ «iMt--Ajx,7*i; 1 5 4{i^feKi 2 4 bco 

mm^^-r^it^^mm 1 5 5 iMi^-r^o ^^155 

1 5 5 ^iiig-fSo wWtt, Sltgi5:5^i]gjiSP^ 
<^Jt*«, 1 5 5 t ^TUI^ 12 4 oa*f^(ZJil 

15 5 (^«Ero-|F|S:9-«v *»lKS§ 12 4b CD/^' 
;^Jc*tL-C4 5° ■M-jSro^S^^Jcl-o *&^l 5 5{i«iS 

Pi(t. -j^&«3(c, $tiisf 1 2 4St;5i 5 5-cail^^ti5J; 

9tC7t<^lSE*:C03j--y— T'S)6<, Lebby m^^n^ix 
fc*ll#BTm5, 116, 4 6 l-^idH, :i(Di.of£^ 

[0 0 94] &M(D^(Dm.^si<D^^m^i^^^m-r^ r 

t . 1 5 5 fi.mm^ 12 4b W^ilSJilSoT 

i£7)S?.!ii>S(l7iV\ ^SSSl 2 4 b^i^^^tttar^^i^^o^ 

?>f^e>tt5t#^ •t(73'fi-e*&^-si5i 5 stc^fijc-T'SSP^J- 
tl^. *ll#lf||4, 8 0 6, 4 5 4-§-{CE^$ 



(21) 

40 

to 0 9 51 *&^1 5 5t^hmWS^\^Si^^fltz%(D 

-Si55^tts %^^mmnmm 5 3»5K-/w^s«2 0 

^■^iiiS-rSo 3t^^^3il^fiJH:. = T*tJ|SH 2 4 XU^ 2 

4Wffl^^i;6^/<(:i9Si£cLfc («»J;i«. ^^oa^^n 
= 1 i 9 t^;^l>^CJ£v^ia^*) )t^S:g*?tiJ 

S'^'7°U-V1 0 0 i:»ttS«2 0 t<Dm(0^^^^^ 

"Adhesives for Optical Devices " , ^4 SIhIj^W^ 
10 bo::^?'^' . =ii^zK— h • T:/ K • T-^y di?— • 
;*?>'y'r L'^'^^ (ECTC, May 1 9 9 8) (C|e^ 

»^^ iRfM¥9- 1 5 7 3 5 2-§-, #M^8-3 2 04 2 
2 7-077637 f-, XTJ'. g^'J-N^K^M^fF 

EP-6 8 9. 0 6 7 -A\zMm^tlX\>^^%m^mt 

fFttlREP-6 8 9, 0 6 7-^?^iftlS:{;iMS%$iXfcgB 

*)¥;fc'-A?aS: (SOL NET) S«(DP^{C^{t 

K:6Sf^S$ixSo itcD^ffltf-Ai*. -0(^*j^S§4:a 
30 [0 0 9 6] rtvbWSJ^RTtg'iSSfflt-^JPxr. £«<D 

^Vc-km.m\^x%i.\\ m'^w^ion^m.-^y-fy- 

4 4fi. S9Sr#fiSL-ClftWLfcJ; p/iVCSELT*/-? 

-r ^ iTJtii::^) ^ ttfc^t^JSi^ i: 1^ C J; 5 ^ n 

-73:5,^V^^^ffi^^TB2 5 a. 2 5 bSt)«i5'7 

40 2 l(;5'^'^::T^<-^■^^lr?l^^!!cL. :i^t?>(DT^-?-^^ 
Sr, S2 4;0Sfl^^$nSi:tic-«;6^/fe3T*fi|sFX'^« 

i^5, S2 5 aStf 2 5 b©3t®ilx#ii:ds^^5-t;::/h$v^ 
T'&So (AR) mts^%(r^m^^W/>^'^'^-k. 

[009 7] 024 Jt^SSlK 1 2 4 e *S«S£?B* y 

BO ^7-1 5 6 tS-t-5^«Jc:*5ft5/^S':J'7'U'->' (-^ 
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f-'-Tjf- K) 10 0 i;&±(DMCMStS2 0(D^^mt)^ 

^15 7 o^-^/u^itai s/ v?{^5i^^ S ttfcSlt^JRroS 

15 8 Sr^tfo ^ro-<-</Ufl|it(i. (W«('*fL4 5 

il!. (^^{i, *HiKFfF^5. 116, 4 6 l-i-t^a« 

$ttTV^5J:5tc, 4 5° <75:ftg-r^/PhL^^— t??r 

-i^*)§i»;^ffifi, 1119 9 75M1 1 OS:#PL-TPizE$*t 

[00 9 81 yzfy- 156 ]E«;^ifil[Bt::0 

)i)c-^ix. 11 1 2 75^ 1 9 Sr#Ba LTSiB^ Ufcffitt*«2 

{c«»J:^«)(CaftB^i-5, ia2 5{j:f4, SttS«2 0©3t^ 
4 h;ii5/<c5,^7"v-:xi 0 0<^S:ftffliK^M;t7s'y 
7-1 6 0K>±(cfoSill<tffl«fM;t)s/;:/4 8l^-C^*ffl■r 
S^^^^c^3^t5^<s'^:r^— VI 0 0SUt:fe±03MCM 

— 4 8f4. ^^4 6<D|B]tSrl^V'>Tia2 4^;l^$i^ 
fcS^tffli^M;^7-;'■7•7-4 4 i:I^D«^Sr*-rs„ S« 
ffl*i^*s/-r7-l 6 0(4, «J^1 5 80|6]#5rB^V^T 
1212 4i;i^$ttfci2lftffii^S*s/y7-l 5 6 
fi£;^^1-5o ^•^s';>'7°W'->'{B«W;*s/y7- 1 5 e^^u: 
1 5 8Srffifflf 5ft;*3<9(c, ^<s'^'yu-:^ffi!l(D*y:/ 
7 - 4 4 4 8 Srffiffl LTfc«*3/£V^r t fcaSrfS 

[0 0 9 9] *fc. iKfMlf-i>.;^7°y s/:? 1 5 4ro*&^^ 
«jt(4^ 1 5 5 

S/:7°7-1 5 6. 1 6 0, 4 4SU'4 8cOf^t5iJ{c:{tffl 

[0 1 0 01 0 2 6 i^;^-7'y y^' i 6 4 

rro#tlUt--A;^7'y s/^ 1 6 4C0«jti4, #-§-l 

6 5T?^^ti,6 J; p^;l^&^•^^)5^/^S(6]#^^EB^^^Tv^ 

UTL^So *&^l 6 5(4, 1 2 4(^*ffi|C^LT 

ffi(te3^^T^^^i^^(©T^ *&^i 5 5 J: 19 tflBmtcsaf^-t- 
. x(4. mm.wmm 

fc'(t) lrffl^^T=lTMl 2 4(DjB!¥7^£#^*l:J^tt>^7X-r 
[0 10 1] IkK. 139 9 7iMl 0 8S:#figLr, 



(22) 
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[0102] |gl ;^-r->7'(Ci3V^T, 119 9lZ7r:^tl^ 
J;5(-> &jl«L<{4f|«mi«-v;^^'g8 1 Ott^Ky 

tcHb, f+JDS^/.C^&Jgv'-V K^-v;^^ 820-1, 820 
-2, 8 2 0-3aLtJ!8 2 0-4J4, !|t*«*s' 

-V K!>-^;^25' 8 2 0(4, »*L< (4, -y^?, X{4, 
20 Tx-^—^irS 1 l(r>t§\.^-U^Xh?>o »^b<(4, 
■V KlJ'-r;^^' 8 2 0f4, '^^<^?H«;^7^ 
S-i^ry yi/7 7^S:T^^-^i'8 l l i 19 tffi;J^C;)c 
tVNT/<— 8 2 1 Sr^tf, ->-y Kl>-^:^^ 8 2 0 
f4, !?:n-/N«Etii:se<HcS»i-5*v «L<{4, ^ 

[0 10 3] Mi(0^^/w*y ^;^xs/:;^^;:*i^^T, ^ 
Si/^ K!j'-^;^i^ 8 2 0- 1(4, y y^7 7^^(c^-?^ 
— >'=i:^^^^ixfcT^'«— ^-vs 1 1 OS* Lv^— ia54J-Sr 

^ssl•r5fci^>■?3l-/^±^cl2B$^^•5„ iiiioo^#Rg 

30 fSi-, S«2 0 t U— 1>-*8 3 0(4, fig^^ixfc^y y 

l^—Hf t'— A8 3 Old i^TK y ^— ^<??®3t^'(-tS«-^ 
x^^8 1 OlCioT^a— (CJSK^ti, 

h^ns J; 5(c:, +i*ffi<](c[oitSr*«)e>tL5o f^i^p 

^(Ogg^roBS^i: LT-S<OfiS,^(D7'D7r-f>'K4, ¥ 

>"?^wfflj5fei8S(c:*ff 5« t r4 u-^ay^fi- V n coMSSc-C 

ffi) (c*i-L)^4 5° (DnSti^-t^ry<-f-^mM^B 
^■f-S <t 5 2 OSU^W— !>*8 3 0(4111/ ''(ClSj^S: 

*fe?>tl.5„ ^-iffc'-A(4, +)-'t'-A^L<{4« 
«S:^E!l$iir5ri:(cJ;(9, X(4, 

5, u-lf e'-A;6S]te5^(iiliij£:<, S«tB«»^ft:S:;«7 
r<Dj;5^i^ti)(47F:®-e&6, rwi 

X(4NMA^fei:Pft^^^5o U*»U 'ft&«)^'><7'rou' 
so — f*«:ffifflLTt)iV\ tfflait(4, 01O1JC8 4 
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0- 1 i: Lr*$tL^J:5('x ^) V ^ ^yv 4 y ^-^y- 
5=--irF*3-ei:o(offl[|®J:{c4 5° rofflOS^lSSr^i- 

L, Ik1I2I(c4oV>T. v'-lr K^>-^x^ 8 2 0- 
^^rv^5„ ^(^T'D-fe-y^fi, S«2 0Offi)5feilSi:v— 

8 3 0(7)fficor&]tSr'XML. tecoT^N°-^^Srll)t-r'5 

fcft. 01 0 2tc^$ix5J;5»wU— if 8 

3 0 5r@£Lfc**9 0° [HIte$^^^ I110 3^C;^^^^ 
5 i ^(c^/^S->-ir KiJ'^;^i? 8 3 0-2^fflv->ri¥S 

fc huy^8 4 0-2*S^*ixTV>5o r 0:7'n-fe;:^Sr 

yt^E;65f$)?&$ixS„ wtvti. lill 0 5 75M1 1 0{C^ 

2 0-4 -o(D#Jp6<)/i^H^xx M 

iJ^Lfc M^:/f-8 4 O-SS.tJ'B 4 0-4T-*^n'5o 
10 10 4] IDDt^ft^n-lrxJS, P^tcSM®?:!! 

oX, tf^tt. lai 1 li'SMi 1 3(;i^$ttSJ;5 
10 1 0 5] El 1 1 4RX^l 1 5{i,. 3— :h-|5]|5^8 

5 oo±ffiiiS:Uf»fffiiiTfc5„ «a3te¥o5>if-e^*p 

oXotiC^ SMiJMf*. 1^1 1 4i6,U5l 1 5(c:^$ix5 

ffl^tiSo 3— ^— [i]^^8 5 O^Jl^^i-Sti-g-{::J±, 
«x.tf. 4 5° roS#^ffi^Sr9 0° <7)R*t:ft(r ioT^JK 

^T'feSo Mmtft^(D^^mx'm^<Dta<. =t—)—mm 
(omm-A>h§i.&Lii^-rnx^-^fj:\^^m'^xh. *l<^^ 
ibRiEHimm^ti^tLx-h. i^-- r^n^^isfett, <t 

[0 10 6] Hi 1 4^^m-r?>\c. fsi(Dm&9smm 

8 5 1{H<r)mi. 4 5" 5 0Xf^2(DW.^Ltz 

3i-/^«S(Oj£;||:i^ luteal y f^i^^^ 
<tt. SKD^SEBSEMS 5 l!6»5,|g2 0»iS?gSEH8 



(23) 
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2 4S.-C^^7y \^'m2 3<D±mt. m2 l<D~^X'3^y 

ll?TSW^:*5M'>^n§(^X. mitf^m^yyh'm 
XU^mz:i:.y^:^ir ^tl,tlt£i:\'\ mil 5\Z7f:$iri 

5J;5J-> Jjey-r-^^s' Kg2 3S.iF3r@2 4ASBS^ 
^mzK^-m:omiR^iii>o ~^mz. jKy-^- 

*LV''V— if-C-fo"?. THG-YAGW— ifX«FHG 

-YAG l^-ifroi 5''iflilW5S^^^^-if^^fflLTt> 

(RIE) 7"a-fexr'^ffl$ti.5„ R I E-r;^^^, T 

— ^V^^^ixSo #*D6<J'ii'^ K^/-^:^^**. -«P<7)T 

^^-^•r«rR I ETi^ibl^S-rs^cfe^M^nSo 

R I E(4. ffl^L/c^aT'Sffiitc-r:*-^^*^^-* 

1 1 3{;i^^$ti,fc±l5<7?rp-fex(4, if f— i>,(Z)ft 
t5!?{::R I E>^n-fe;;^trffli,>Ti^i9 
[01091011 %RXf-l 1 7f4. 4 5° (r)%mik^ 

WtE^^dr ixro i 5 /i^SBS^' 7 y Vm 2 1 *13J 

$*v5o ^(-, ^rm2 4i)m^^\\^^o =ir«2 4tt 

^il6KF*1tc:^^^'-->^$tl.5„ ±ffi!Jj5'7S' K^2 3f4 
yN*^-;iVi/$ixfcr.Tg2 4<0±{CiSig[^Jv5. nT 
m2 4RXJ^ y y Ym2Z\-t.. ^(C. ^Z*-;/':/?-* 
ESrJI^^-rSfcfeR I E^U<ttU-if^Si?rfflV>T^'« 
^-=>->/$tvSo HI 0 7SU51 0 8(C#-i- 

8 5 3 i 5 tw^JRS^a$*v5o »«<o|»* 

60 tt, m;iSglJ©S;K^t<ttlBS^c5l•5f+^t?>^^fcm^c^T4^ 
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[Olio] ±IB<Oiil!), 0 2 i:)^iM2 7(^*$tlSJ: 

5 ^iif^* j/y^— 1 5 6Rni 6 OCOKitft. IHl 2 

fiS-rSfC. ^^-f -;/^v^^<-rx2 6(DTSi5IHS2 7^?l^fig 

y—<otnblcmm^ii?>o ^m-'^y'f-i 5 9«. mow 

rj^i-5«Bfffc^»tfcn5„ jjcfc, g6 2 6 tmmi^ 

m 1 5 7*sf^^$ti. ^^;i^mi^*-y }•m^m^i^?> 

So J5c(-. ffl^UytT/-?-^^ 1 6 2 «EM*s/y7 

mm Lfc J; 9 7i u— -f^ia, n 9 9 tjm 1 1 s ^^m l 

rift^LfcA— l^i':}^ . • T:^^— V (MN 

A) , mmLfci^—^i:m^^\^—^m^:fy:^-7^y 

6 1 (±. «#4Lfc h ^>-^?rfl^^-r5fc«>a6 2 6{C'« 

(PCM) i LTf^ffll-swt?. {C^WMm-^n-m-fa 

•So 

[ 0 1 1 1 1 HI 2 8 ^#fis,-t-5«;i. S 1 6 1 im^i 
fi. U'k^ h 2/7°/^*;^ h y-fn^L-^^m 6 2 7;!)S± 

T. «:*5'7°7-ffl<^M^Ml 5 8;d5|l6 2 7(7?±(r 

^ bBS:ii5«iiW?'i^-«^'-V3iyf-V^XS{CJ;oT 
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TV^So M*f^l 5 8<^S±S35fi:, W®:^ h 

s/^se 2 7 <fc 9 t^^t-l»*^ns„ Steo^asii, 
W®xsw«(-. Hi 6{c^^?tifcfEl;:i|ftl^LfcxS*> 
P>SM-t-S„ S*?6«]/£Xgt LT, iffiili? 7 5' KS 1 2 
3tt. ^-^/wltJgEiiiwilcJi^fig^tv. =iTjH 2 4 b 

5/ Kg 1 2 3 5r^3'^i^i/-f-Siei>il(i^iV\ ^(^a* 
fi. ^{cUlS3tz)Sffi#l^$PSItA± !5 fc:^tv^lil&9 0° 

[0 1121 CMP?gFa«ffio^#i|a$i:g||igLfcJfe« 

0 3 oic^^ixyt^Tg^j^xStciio 
20 V>-C. Kg»4. =rTg#j£ro«£#ffi(D^ 

5o nrgc.ip$dS3tm^=^x^M;^oii5$J;«)fcii''Lfc* 

icfcSo ri7)2gr7"D-9^{i. ^rgi ^ 7 s/ KS<o 

-h) ittV^Tti<. ^-eO^SSrirLT, 3fe3ft»±WSffiT? 

tt, S«i6<l'fc^7S' Kg«>^S*s±«|J^JS«o^S©aJi 
CMPyD-ir^;d53TgWJl^^^T-(i?fe<±i«l^'7 

40 {i'bCMP7'D-fe;^^SffiL7'j:V\ rtL(CJ;i9, ^ffi*^ 

ffill^'7s' Kg(7>±{c:5paf|;gSr?g^feL, jJl:v^■c, spa^k 
g±-eCMP::/'n-fe>^Srllfiri-5 w t jcj; t) spfflft^ix 

[0 1131 z.(r>w^-fxx-^7.\t^ ^mfmwmvL'm. 

^nso %mm-^i.-=xm\^^Mz.m^=mp,tmmk^ 

ttPlp>/£v\ ma ojc^stLfcX5S«^mx argdSjSa 
60 /j:ff§<D^JtiH•i|B^■T?«S^i^5i:#. t-/f*p*>x 
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f>ix^ri:ii/ji(,^ ^fa^w-wmn. '!m\mK.Xk. 

[0 114] -<'<>'P«ig^ffi?rJl^fiic-r5Xgtt, ±gi5^ 

[0 1151 ffittg5r^tp+as:»^S«fi, /^s/i5':/i' 

ft ^(iffiS«i^»«<D3i 5/ v^T'i^ff • Sit $ tt. 5/ ^' 

5, MCMS^l 0" tt, ±ja(OMCMS«l 0S.U51 
0' i:l5]D?F^S;-eMf1^^ti.5d5^ MCMSiRlO" tcffl 

1 0 i:g-f-SS«<^^s/v'(c5gd5tL5o /^s/^J'T'u 
-V2 1 -<->^*^R2 1 2i:. ffittJil 2 0" 

SttS 120" {cjFM^ix;fc1t^<^*iSSS2 2 4 a 

- 2 2 4 g t 5r-&tf„ *atf& 224a-224g(i, M 
CMa«l 0" rc)fS!-C)tft-f-Srei*i--5fcfcttffl$tl. 

t LT, MCMS«io" tl^Ci p{;:^<s'^:/^->' 
2 1 0 hmt-^h^mMif-- K2 8 0;45«ffi$Jl,5„ r 
<r>^^^ 3^)^81 224a-224gfi. K 2 

8 0{cJ;oT#t^^^^5)t^^°•7-(Dy-;^<^^•B»•t-■5o 
«iR5t<-K{4, «ic<D^— tP^^^;i— KLD^Sr-^tf. u 
-f-'^Z-T:^- KLDroffi;^}*;}?- K2 8 0 (O^JKSSt-SS 
iH^tL, >i^- K 2 8 0 <D^iS8SJ4. /^5'^7°u-:y2 1 

T^-g-$tL5o rnil, 5J?— K2 8 0±<D4'^05 2|@05 



(25) 
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V±•T?||^T$^^5o #-K280l4. MCMSSlOa 

[0 116] *-y:/7-i 6 0(D<fc5^<c^M;&s/-7°7 — 
f4^ ^ft-^Sr, ^<y^U—:^2 1 OcD^jSifS2 2 4 a- 
10 2 2 4 g 3tm^-MCMS«<0«j6Kts m^J?- K 

2 8 0 i:<7)rar-5t{t-^4rSg^-r5fcfe. S«-'<s/i?7°u 
->-(DS14Jil 2 0" F^lC^ttbix-So ia2 3-2 4(C 
^$tlfc*y7'7- l 5 4RXfl 5 6<OJ;5''ite«>3t* 

3i5/v?Sl5(iJ]^fiK$tt-CI/>5;&y7'9 4 4S.TJJ4 8<73i 5 

/<cl^i:^'i'7'(0;&s/y7-Sr^fflLTt 1113 3{c: 
Sflif©Jtm^MCMS*gl 0" *S^^s/^'r^-V2 
1 0 i:PS-rSffl«T'v':^xA«jt^2 0 0O»f®Igl;6S 
^T^^ttrvSo ftji6<)Ji5J--{l^!9^$OfcJt>. 1113 2T- 

20 tt, &E1 0" as/^s'>i'::/u-i'2 i otcpS-TS^^ 

1 0^v:g|g^•r•5^^^^O^^>55^$tlTV^ 
■So MCMStSl 0" Og14J12 0" 14. 1 O" 
5,^7-1 — V2 1 0{c:^-r5©Ff-e3i5/57(c?BoT 

-<-:^S«l 2;6^^>^BI$^^-rv^?,, r <D«5g(c(4^-o 
/4^wfiJ.'^;6Sfc5„ ^itc, S«i 0" <7)^— ^S«l 2 
a«l 0" (D«T'^!giiS(ia«^JpxSri:/i<. 

tSo m2i::. S«l 2W±ffiK)mmgSS3 0' SrS^te 

=■^^^2 2 6 (C«i«6<J{cSMi-5 r t 5 ± 5 {C 

:^CSo Lfc;45oT. S«l 2^ji5^MT^JI?^i-5£> 
^:J5/j:</i5„ S^l 2^S#)l®^g^{;r j;i9«j^$tt 
S^-a-, -^W(--'Mr;45^lt5>nSo ='^^'^'2 2 6 
±0#«^«-§-tt. *tL^tl<Z>l7-rir2 2 7&U5»i^/-« 
2/ K2 2 8 ^r{cJ;oT/^2/;5'-7't. — ^^2 1 onMltl^lt 
mm^<y K2 3 2{c:iif>tl-5o Sigc^-^S' K2 2 8StJ!2 

3 2»4. -o{ct4^:fc*#ft^tb, m^ft-i". ^7^^h\ 
mSre^L. V'-fe7'^;?/W2 2 5*^^^^::^^— V2 

40 1 0(cm«3#{t'5fc*{it®;3to„ 

10 117] m3(Dm^t UT. ettg2 0" SrSSl 
2i)>h^mt^:LtlcX<0. Ji2 0" ©3?SiKSr, ^<S' 
i7yu-V2 1 OWg 12 0" rtcDSfS^.xT"^- («SJ 
*s':7'7-i2 0) i:J;t)iEWc«JiJ$-&#-5J: 
5 {c/jC5o StS 1 2 f4^ S ^' n >'OSi^/^Sr'g'tf4i^:5S# 

;'^#V^S5WS/!l5^i:.5„ m2cDHr7'^^/i^2 3 5 
tt. ^^s'^'-T'U— >2 1 0O±ffi(;ii£^$tl. y<y^zf 
^-^2 1 0rtro«£l(*s'r7- («iJx:«. ^y-fy- 
60 1 6 0) tcJtU. J:9jE?t*^i&ceestb5o MCM 
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a«l 0" t^\^±-:f^ifjV2 3 s\zWK^Mzt^^ m 

'^iSo 113 2(C{4ffi^^(DSa:dS^$ttTV^5. W^':?' 
!J5'i;'2 3 7«, Xir|6j{;iBgLTa«l 2*>b^2 0" 
«r^rBlLfct(tffi(^<*ofc46MCMaffil 0" fffiffl^it 

S^iJS-ttSfciii), Hry^'^/wa 3 5(4, 113 3(c*^ 
tl^Xo D y h 2 3 9 Sr-^tfo a h 2 3 9 ©ft 
523(4. Z;*-|^i:5p^-Cfef3, MCMS«10" (4. Stt 
Jl 2 0 " ©±ffi(C=¥— 2 3 8 i)im^ e>tt. ^— 2 3 8 (4 

;^ps/ h2 3 9i^jc$»3SS5J;5'fcJ^T?a-e-f-5o z*- 
|6](:iSti/t)t^^5:»5yt«). iI^S<D3t^6«l««^JXI4 
?fiffrHJf«iisi-;4SHr:/^i7^U2 3 5<ojS('ffiB^n. *^ 
tt«L<(43te«144^ffi*T-|fcj^$tL, SttS2 0'' ro« 
l43t#6<I««»J©Si:«teL, ^OgtcgE* S 
ttji2 0" coai-yv^^rg 1 2 3(^il{cSg)tt$-Br5- i:(c: 

^5rSttg2 0" StJ^l 2 3(^3tiig-g-Sr]l5*5fc*i55:3^ro 
^(:iM*$tt5„ 
[0 118] fie3l5CO^:^7s/V°7-(4, MCMStgl 0" 
35.P>y<5/^^7'W-V2 1 0(C^S?KSri^#-r5fc»<!effl 

^ix5::,!;i!i5^.i6?>ix5„ rcDi5'-r7°£D^)^l4, tfT|S$ 

^mLX^m^iimM-i-^o 1113 3?r#R8-r-5i'. ^1 
CO WiSK 3 ^ ^ 2 0" 5, l < (4«ffi 

So miS.U«»2<7)='^i?^{4-#:6«](c!g^LT'bJ; 
^^^i^a ^^1 1 2«L<(4ffi&l|3^^'^(;iJ;oT*« 

1 0" (;)?sttS2o" p^(omi&mcmminit^yr-( 

[0 119103 Sttg2 0" fi.t;5l 2 0" 

(4, ^-tL^'ixroStg 1 2X05 2 1 2 0±(;iii:{cf^SS^tv 

0tJ(C;Tr^jL5J;5fC, ffi'|4Jl2 0" SU«12 0'' (4»J'«r 
(c<1:^ $ ti, L < {4Sl«iJS«(cS« U 

Xi,mt>ti:^^'ti^m-ibhiX^o r (DT 7° t3-^{cj; ti- 
ff , m^ffiSilJSi, 3ttiSil*SS:f^$!-r5fc*S?'i'5 
mm^mm^%?>o Sfc, MCMS«10" li^^^y^f 
W—Vl 2 0tig<tti-S3iyi?-CflH4S2 0" ?SrS«l 



(26) 
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2d^t,Sa{c^>g|-r?,r t/iS-e^Sc 1113 3IC.T^$ixfc 
UlS^lJcom^tC, »ttJl2 0" (4**51 2(?5±{Cf^S!i$ 
tt, «-i(sFomSlB5^ffl^'?s'^(4. ettS2 0" 

tisifnc. g2o" t'^wsix ^t^h^m^^^^^^^v 

i^td^&oTS^i 2(©±(;iiag^ix2.o J12 0" Tjsji^fig 
[0 12 01 ffittS«g?^ffl'S-5< M^iS^B^t LT, 

* I C y t ffitt«SS?:^S(c:i9[®i-5 ;r t 

[0121] HI 3 5 (;:(4. 3 2 0 (^Bf 0 #(t 5> 

n^c^y:^® 3 5 0»»&{efSll;5S:^^tVTV-'So 

2 <Bro^ s'7'35iso'352 f4sim«^iet-» 

-It^tl. S14S«3 2 0(4, VCSEL3^5 s'^t'/M 
:^3 3 6 i:, 3 2 8 tCiJ: i)^^^^^^!- 

20 5, ^s/^gS 5 0(4. ^^^^tt^mtti^S 0 2(c:J;o 
-CStt«« 3 2 0 r © J: 5 ^iKJ4t« 

^t{e:*3V^T4^^^T•fc•5, VC S E L:t 5; s/^x-'<^ ;^ 3 
3 6 (45^ y 3 5 1 (r J; 9 SiJ1» ^ ^t{I^^r«tt»« 
3 2 0rt(DiaS!*y:7'7-3 4 4(::ill«i-S, 1CJSK3 

2 4 a{4^®;&-;/y7-3 4 4(;ig^M$tlS„ ^S8S3 
2 4 a(4«^?ril|ftffl«EM*s/7°9-3 4 8(-eaL., 
iSltfflilSEM* s':/7 - 3 4 8 (43fe«-^SrS*x/<'r ;^ 3 

2 8cD;br(cilJ?>5o S)tx^M:^rom^t^;^(4f^2<^55^ 
-^rT'S 5 2±ro(lISS(-^i^^HS„ ^5/:/® 3 5 OXU? 

30 fiJt4S«3 2 0(4. >!t(S]Ufc='i'^^' h/'<s' F3 3 2 5: 

tfrL-cm^ft-f-srffisiceigL. m^iSKs 3 ost/m 

M^^'I'T 3 3 SSr^-f-S, h/^y K3 3 2(4. 

*#*-tt^«t4iK3 0 2Mz'^'».^i\.tzMnm^P(<Dn 

S:^^^LT^^^^cS!eE^i^Sc /^s/ K3 3 2(CJ;t)#P>tT. 
5m^^i^(4. S«©Bj^Oxifa:&-|Rl^V'>(4ytt:&|oIt? 

iq^(itx-5o 

[0 12 21 %%mm^^<n>-k.^. s*s«i<©«je{4 

;>CLT*5%$^^■CV^S„ VC s E Li5.o:S:3t^^ (P 
D) (4t4;:*:*ti,TV>5, I c^yyS(Di¥a/i«3tSt5 

[0 12 3] ^^;^tt^«14«-!isfSrfflv^T I C^->7'« 

3 5 0 SrffittaS 3 2 0 VL^'^'t^Wt' <3 (Jl. 

^x-f V^'>>- hSrffifflLTt iV-*, jg3 5 0«m^^^ 
so s/ K3 3 2S:S:K3 2 Oro^-^s/ K3 3 2(Cj^^i-5fc 
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3 2 0S.t>*M3 5 0(1. fii:liJ^;6>/iffi;'3t(;:J;oT- 
{*:6^(i«M^tb?)o 1 9 9 8^1 1.^ 1 3 Bt-W 

S^tl, ^H^<^^li;-i5 "Multilayer Laminated Substra 
tes with High Density Interconnects and Methods of 
Making the Same" X'h^ . ^Mc^tB^Ati^SIS^tV. 
^lfl#;4^Hunt Jiang, Tom Massingill, Mark McCormac 
k. MichaelLee -t?*>5>|4ffli|tffl±}iil^0 9/ 1 9 2 , 0 
0 3-^0^fflS(C|Sic$tLfc#SII^:7°n-fe><.%{£fflLT 

t.J;v\ ^^td, 1 9 9 8^1 2^ 1 pjcWS^ix. ^ 
"Condutive Composition " :*:IB<0 
tURAf-SIS^tt, «5^#:SSHunt Jiang. Solomon Beil 
in, Albert Chan, Yasuhito Takahasi -CfeS^fiHiltflFttl 

^^0 9/2 0 3, 1 2 6-^e^^»ic:|Eit^nfc:«f;^?r 

l^fflStv.S^mttJJ^Vx'f v^r*^■!|s|■^c:fflv^-ct J:v\ Ku 
o-Chuan Liu. Michael G.Lee\Z.i:'0^^^il^ ^T^i)^ 
"Transient Liquid Alloy Bonding" "C^jS^ieili^fFtt} 

ffl-C-fo^>„ -'■^y K3 3 2C0z^j^i^{±. i4^fc•^•^. ^ 

lproi±5MAt^»g$nfc*H1#rFm5. 3 3 4. 8 04 
■^fCiBtt^ixfcBa||*B5:jg*g«it (WIT) {1. 

J£ti!g5^. TLB (Transient Liquid Alloy Bonding) ^ 

[0124] mu^fi I C^s/Z/g 3 5 OSt>*SttS« 
;i3 2 0tt. 1213 6{c^$tt.5J;5i-> Sv>lca*a-^t> 

««'^'OSttS«3 2f4. »^L<(4. 

05S«3 2 1 (D4'C0-S15CD^WT3 3 3(4, ^'yVKS. 
y 3 5 0 A^P>SiJ(r59=- y yji 3 5 0 (cm^ff-^Sreii 

V^^Vx^ V^v— HuntftiKCioTM^^nfc^-a 



52 

atg3 2 0 t I C^y7"S3 5 0 t COffi-CSiEdea^ 

7'7-3 4 4S.U53 4 8<©J; ^'i^iStSS* -yi/^-i-J; 

1012 5] 3 20 ©aig^KjStU^flilCOSttggfp 

(1, 03 7-3 8tc:^$Jr5J:5«-iSiJ'«f(OSlcf^MLT 
t J;v\ :*:^J(0»^. ett««l4, ^JKKSS 2 Oat 
iSitUS,m3 2 Oh i:\Z^t>\^tlho ms 2 0 aRXf3 

2 0 b (4. ±iHK>ite*i4^V7'-c ly^'y— h 3 0 2 ' , 
Huntfl!lJcJ;5#e®g7'n-fey^, (^^fc-gE-g-, ^JSfefl: 
m-k. TLBS-&, XJ4. WI T^^ClioT-olC^ 

(4. WI TSi!^!4Sftffi$ix5«-&, «e5l5<DTV^^-7-f 

[0 1 2 6] 1213 9 751g4 2{C(4. ^Jtev^^^-f^ (^»Jx. 
(4, VCSEL) («sjx.(4. 

•fllt?&S„ |l!3 9(;l^oV^T, 2<@CDSIJ'!r(75Jlrt(75 2:$: 

(4, 2<@ro«S£S*s/^7-oFflro)t^iES(c^g^^x, gij 
<@ro»lcJtR^$tL^>o 3t^^lSx^<-^';^(4. S^^*ti|sl- 

(«L<f4. m^KlIX (EA) *ti|s|-) h. **t:S|5ro#Si 
lwf^®l$ttfc2fiwS^t{CJ;*)1«^^ix5o m^-* 

(«L<(4, «^®itSi) W!isf(75*i^SlS(4. S^iSig^lc 
•fe5' h^iX5t<BSiJ(^^-;/7'?r-^^. ^V>(4, *i*:g|5(4. 
mi 2 7I;M1 9(;i^$*T,fc;^'r yf-f^^^:^2 5<0?E^ 
LtTiJti fc J; 9 7cCD«0ff(-Ji^^LTt.J: 
v\ 1114 i(c (4. T^fB^igK;i5:t5: s/^y^^W>^ (t^Jxi 
(4. VCSEL) {J:J:orB#Jfex.P>ixTV>s^Sr^V'> 

%f^lM\c^r>X^\^\zMm^i\.^o L*^t. j£:>S?feC) 

^V7^^ v^/->- T>-y-7^'>'^i:(4^:t'S^. ^ 
JSlttlcS^, TLBS^. 3^(4. WI T^iggtCio-C- 
fl£«)t;:»^$tt5„ 1214 0(J:f4-?r<O-t(!I;6SS%^ix, 1214 
liC:5^^tvfcgfl|jttl^C3tSigltt^«#t-f-6„ a« 
{C. [14 2(C(4. )t^p^x^NV;^?r^A-r-5r t'i< 
||2(Oa(D^«K(igEi^U-Cl/^S»10Jl»:3i$ y^T' 

©S^{4, ^MTSrffifflLTTffifcSEi^^tv^e i8[{c. 

03 5 751^3 8 0^JW*i-^{C, lMm<r>'^<0'p-fSi< tt> 

-^35^4afJis^fpyp•fe;^{;lJ;oTSv^{caa$^^5„ - 

[0 12 7] S;6SSiJ>!ric|!lf^$it, mW(iffi*#(tib 
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*RwttS«A{::SlS$ti. i|#R¥6 - 1 4 0 5 0 

2 6-200974 mmW- 6-2 04 9 

2 2 7-5 9 2 4 0 -^S.U5#®¥ 7-610 

9 2-§-(c:S'i<ffi$fe*i^^5ILTV^.5„ rcDSOLNE 

[0 1 2 81 1113 5 75M4 2{;if4, llffi4raS< "f-Sfc 

fe. IficO^TtT'^W^ (VCSEL) 

r w J: 5 ;^ *»:#IXtt#»fi-^tf. v c s 

EL. StJ'. y^(DiXi:><0\z, "tfl^ 

52 tt, VCSELW K7'1'-'mTJf/3i«tttSS-efc 

■^=^v:fm(o'm\(r>\c=i-v^m\t. K9^/-<S.0?Jii|i 

^ffiC0||2W5^y7'g©±(caS$*t. m2»IC^S' 

T^A;'3^5|I2(^ I c^yye© K7^/^s.ufti*s§§(c« 

fi!ci-5r t^sBTtg-cfeSo f"s/7°(i. ;iia<^j}« 

y -^-SIC^nV r Srii^fiK-rs VC S E LftU^S^tlH^^JJ: 

«C0J; 5/i«jt>!i5f^S$tl5o HI 1 1 9S.U51 2 0(C 
^iHlSSj |gl3 5»M4 

2. i 1 gsu'i 2 o^;l^o^^T> V?-^ ^^/mm^f-y 
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VCSEL, ^%n=i-. RXf. -tOft&ro^^coJ; 

[0 12 91 'f-y^mt^ffi'^yZflt. ^WT«r*«Lfc 

yy4^<ymmm^y:^x'h^o ma 5nm4 2. ii 

9&01 2 0{c:;^Sttfc«3t(4, FOLMS.05OE-M 

[0 1 3 01 #Sfi|3ttt, HSrn-fey^. ^L<{4. z 
/Xfi^^x^^l' VCSEL) *>ibo«iK 

^r-f/^JtrJJ^jggSTWfi:. 113 575M4 2j;i^$ti, 
fc«® «fBfn ± o Tf^ b v';^ X A P> ^1-{c3¥:ft#Sr 

■fti.w^-a-'b, !ffyr^^<. yr^^<ru-(. ^r^r^^ 

W-rSi 5{-®3 2 0, 3 20 a, 3 20 b^L<(43 

r^mRv^±.&mx&m^n?)o wCow^gici-sM^i^s 

*IJ;^f4, S320^ 320a. 320b, 350 <om<0 
5. 

[0 13 11 I C^->'y^3 5 0*f^Sf5*)£ro— 6»J 
:65^4 3;/5S5 Ofil^^tlTV^So HI 4 3 Sr^Rg-fS 
tc, I C5=-s/y«3 5 OS-iiS^WTfi, SU]ice^6<3 

60 jK;^ h*}i^^i-5:it»cJ;r)Ji^^Six5. e«6<3'fc«« 
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^ToTtJJ:V^ ArjavalingamfliUC^^f 
Hi|$fFll5. 2 5 8. 2 3 6-§-*#fig<Dr t) „ /^T 

^ yN° ^ - v-Hjfe&Ut/N- — v^^tc J; o T/-< > 

F^(;i*o#$n€)o m^^-Cf*, ^;6Siif^ b^^t^i|s|■T♦& 
ft)^W^j:1fig(i<£i>^t («L<i4iii^) it? 

(0 1 3 2] /^-t'T?1^^7°n-fe;^©JJ:rc>XSi LT. 7 
5o I Cg^-;/y@3 5 0?r?i^^S-r?)£:$:6<):^i;^&^'>(^-r 
1/ \ KSfi. I c 2/ 3 5 0 

3 3 0 5:0«+BEiii*S^< K3 3 2 ^Bfigf S fcfe, rtO 

li. «?iJx.«, -«/i«^^^)otx@^ffl^^T#AD6^/i# 

5„ rw^^^-^^^xsd. ^-^s/K. ^< 
v'x h^l^^fe-rSo r<7?2[HlS<7)/<^-=:y^x^{i. 

(4. 2^{c|»*$ix5o i¥v^v'-KgWiii^XS«s iJ^T 
(::|ftB^-r5J;5{cft«lxa^-eM*3$tL5<, t^JfeS^fftc 

itt^iz^ ^^i^ny^t-hui^^hf^ffi^mmo^mima^ 
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[0 1 3 3] 1114 4$r#fiSi-'5('^ :i<Dr''cHr::^(0?*:(;5 

XST% I C^-y7°3 5 lS.t73 5 2>6SS^6<Ji^cS«4 

1 2(D^ffi(;i5i'9f^ltC>ix.5„ ^(Dtziib, »v>/Ky-r— 
"0 i|a««4 1 4/iS;^f >'=>-x>f Vi/{:iJ;oT««4 1 2 
<0«ffi(Cj|^fiS;$ix2>„ 5^5/^3 5 1^.1/3 5 2 

ffittsPiPn) f±, jEH/^■ectt^c:^e$i^. a 4 1 4icgi^ 

:fc±IEcDfllttS« 2 0 ^rJ^^i-S^fe-C^SSffl ^tvfcXS 

20 mxmw^tizm^. m4i Atm^^ti^mc^ m^^ 

V\ ^''itt*®^, WJ|Sf4 1 4/4SStg4 1 2(DS^ 

fc/iVN4i^fC»ii-C&5o ^s'7'351&3 5 2^mm 

■t^W<^rzfti~^t LT. ^Jl^-«s/ K$r->- KStcf^ 

30 mm<om^mi)>h^i&m^i^^-<tx^h?>, l^s^l. — ^ 

10 13 4] 2>:OW«7°ia-)?;^;is^ffl$tv.5(D-C. 
■:^3 5 1X1/3 5 2«. »*L<f4. ±IE<73#»^J1« 
3t«:2 7 x, 2 7y. 27 z (012) Sr-g-tpmfii2 7 

?r*L. ■i^7'W-lr2 7 y«^>i/JXxi/<Oj; 5'*iWS 

C'Sv^<t5{--rS7t*. ^tbt>offl«(cW«>^ ^s':7"M 
Xo^mm:^ hy:fmi-i.. »*L<I4. ^5'7°(75±t|5(0 
s/ 3 i^glCJi^figSixS, f-2/7'3 5 lS.t/3 

a-fe:5!.-eiSlf^§n. (^$^o^^75^e>^i 0 
50 $*i.5;&-is»^LV'>o Vtmms\ciD\i^x<eS:^<o:L<oyv' 
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Ji, 5 <im75S5 0 /im-CS)5o 
[0 13 5] 1114 4{;i:T^^ixfc I Cf-s/T'S 5 lS.t^3 

(*A/fcJ)tVx-< WI T^)^/iir^ffiV^Tf•3'yco 
iRlfS 5 2cO±ffi«e4 1 4{cS*$n#5<, 3iT- 

(XfS. A 1 G a A soiy^^'^XiS) 14. ^s/y^Sg 
«6^'teS«4 1 2lc:»3lLtCiaa$ti5*-C®^LTt 

-f 53it:°i?df-->-^/l-^;5^55/<;U^' G a A s Sffi?r5)-WI-f 
Sfc*. AlAs iXti. AlGaAs) ^i-^^^^'^X 

«U<{4. fl^l(^»«Srffl^^5^^;^S«s^fc^^o GaAs 

-a-psd. Ga AsS«tte>!^(^^s/y$r^s^^^5)■«-r 
-5, >>^— /^^^*:^siae^^^■5»■g'. /<^r7K::^h3 3 
3;6S?1^)i^$tt5Hfi{i. SeBdStTt?tt-5, fyU:^'^:^'- 

[0 1 3 6] ll!4 5Sr#R5-r5{r. r <0:^n-fe;^©J!>:© 

Xg{±, /MT;K><. h 3 3 3. ^y^S 5 lRxy3 5 
2 , 4 14 (^8imSfP3J-c^±{C7K y -v-g 4 16^ 



(30) 
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i-5!£i>S;iSfo-5c J^y •v-e4 1 6 (4. »^L<(4. W 
Cl. S(4B!{ii$ix6» ^5'7'3 5 lSO!3 5 2 0Ji:$755 

[0 13 71 I114 6 ^^m-r^l'. S«{4. f-v-f3 5 
l^tt/3 5 2<7)«<1 (fdxfis -'^S'F) t. /MT:*<;^ 
h3 3 3<o±«fBi:?r«W$-&, ifJ^FajSiSffiSrWSfc 

7 *#fi8i-s(i. mmm^3 3 os.u^^i^^-'s' k3 3 2 

wiads±ffifc?^^^5ix5, rtti4. ti§5l5©V>-ftl.<D^« 

<??'t'cD#<{4@i 2jbm.i 9 i:0m\^xmiz.mm\^tio 
[0138] rr-e, «iSttSJi5:*i6i'^ii«)C>tt6o 

tt^SK 3 3 0 y K 3 3 2 jiS±fa©ii «) JlV^ 

V^5»-g-. I C^s'7°S3 5 otoj^^ii^Tb. I 
S'7'S3 5 0J4W!fe6«j/j:S«4 1 2i!i^hm'0^^n?>o 
L^^L. S«4 1 2(48 3 5 0 tC^^fC'ffittfe^-fee*)?^ 
^^ttSr-^xSr i:^5-CtS(7?r% e^6^)/i««4 1 2 
30 ?ri^*-r5StHC. 8 3 5 0 i©±ffitt z gggiS^tXiST-SU 

^fix^^ti^^m^^ ■7°n-fe;?.(Ois)s:(oxsi4. ^mm^^ 

84 1 9?rffiV>T^2<^e^e<}i'iS«4 1 8 ?r I C5^s/ 
:/8 3 5 0«D±ffi{cSji3#tt'5ri:t?fc5<, 
{t<0«IT«, Biro©^e?)'i««4 1 2*sss?*$ns<, 

icDXS<^^^«lll4 8{::^$ti,TV>5<. #fc<D-5r^14 

mi(om-^tfyti:mm4: 1 2(;iia-r5±iBro:i^fets«n4 

ic. *B#fF^5. 2 5 8. 2 3 6-§-|cM^$iT,fc«« 

^ilS«lc*3it5ii«<D*fe«8, ^v^{4. ai^«tg4 1 

4 1 9 t4r«6fflLTtJ;v\ SKS«4 1 8 Sr«tffli-5 

^#cD»^, S«f4, Sl^S;KSrSLTej*$tbfcS^^ 

^5ix5o ±M(D^(DmwLmm&m^^m\.xiiii\>\ 

[013 9] JSktC. 7Ky^-^ftif84 1 4Sr^*L, ^ 
60 s'T'S 5 1S.U?3 5 2(?5Ji[$S-5gJ^6<Ji;iS{J?'$*5fc 
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e?rfflV^TjSffl!ll:^S8S3 3 ORXfmf^^<y K3 3 2j5S 

^fiKLfc I cf^s/T'ss 5 Of*. mi^^ttmm^ 

P> 3te«S 4 1 9 ?r^fg *H#fF*M 5.25 

4 19 tc^^i.^)feSrfigMi--5 J: o ^i) mw^m^ 

[0140] 11143 7!/^ 50 *^B^C>|lifi«?!lT-Ift 
^ttS:/n-tr;=!,XS;4SS^^tvrv^2>„ C^J^tf. SifSJtt/ 

/ii:'(7?<th.watgmn"p^{tM-r?)X@7)5^$ix#?.o * 
f::. 114 3 751g5 0(C|Ett$tLfc:7°n-)r;=?.(i. ^-jy^S 
5 lRXf3 5 2^5S^g$tbfc^i;:^-<'l'T^^ 

ii5 i 5(-^3ELTt><tt/\ rw^. ^s/::/3 5 IS. 

0«3 5 2^S«±{CJ; '3?tP>*>(C^«T-#.5flJ^;i5fo 

<^-rSfc». 5^2/^3 5 1. 3 5 2Ji4^CDS/<e-5^''l'7° 
Ot'/Mx (i-/<c*?*,. 3tm^]^) , ST^/Xii. 

[0 14 1] m4 37im.5 0izmm^iti±:)jW:ft. ic 
tv5„ ^t^isg 3 2 0 a tt, rmi^ 9 K^fiia«>jiis 

/iRftB^{aB«^ixfcfi:ic»^n-fe;^Xg^jiAPL. SU« 
114 375M5 OiC^^^xfcXStl^CXST-f^K^ 

5c ^jfeSS® 3 2 0 a (4, ■^Jx.«. mi 27bm.l 9 iCTfi 
^tifciSf^xew J; 5 ^i±IE«)f^iaxiSW"t'©-t5^© 

10 14 2] *^BJi^|ftBJOfcJt>l5«$iXfc-r'<TWll 



60 

roWSA(CS|$§ix/c*Hil$l?^5, 4 44, 8 1 1# 

^clE«^i^T^^5J:5^j^CVD ({b^lS^ffi) . mm^ 
ffy^-^-'yaym. RX^/Xit, MLD (^J-^JfJtH 

[0 14 3] I C^y^as 5 OSrJl^^-rS^O/S^O^ 

•0 mm^mmi'it<Dv. i^v-^-mi&^ma 20a 

^5' 7 y KS 2 1 (4. ©^6<3'SS«4 5 0(D±l,cmi^ 
4 5 0tt. T/w$ = '>A, Tkffi. if^;^. ^VMi:. ±IE 

1 *?i^^-rsfitijc, ^mmRxj^i^- mi)mm4 5o<d 
mmizm^^fi. KStt. s 3 2 0 a ^m^mmit 

mm^ti^o us 2Sr^flg-r'5ic, 3x^24^5, ±15 

fl. Wt^n^o S3 2 0 a/iSt'-AXT'y S'iJ'«L< 
[0 14 4] 1215 3Sr#K1-5fC. 3t^S[K4 5 4 0fflil 

5 4 (4. 3 :^(DW-n%m-^^o)mmmx-h^, i^yyv 

^2 1(4, 0 AimWJl^^^L. 3Tg2 4(±SS>)l 
30 On mCOif:^ ^ig?i^J4 10m m:7iS 5 0 M m(© 

1iS:*L. »»BS«i^2 5 0 /trnWf y^TSV^ldSira 
, $^^T^^5„ w-if«»f(4. ^^TS 2 4 il^CgH^^-e 

«0»r«>i|itt, iKl2 0/im:75S7 5 /tm-CfcS, {^^)—~ 

l^^rmmt. $f*L<«, -!f«J®fXS7!)^iD©?KJt* 

s/f=•>^Xg^J:J;oTl^^TLT'^>J;^^ -fy^X-^^yf- 

l^ifUmt. ^yyh'm2lRX}^:3Tm2 4X'0i>m^^ 

^-tti|sf(75a5:=irS2 4co±}c:ji^^SbTt mm 
60 [0 1 4 5] 05 4S:#KS-t-S»c:, iSS^^y KS2 3 
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10 14 6 1 US 5S.t)«5 6 tt¥=ff^«SS<^«ffilllT-fc 
T-fe2);0\ 1215 6(CiRF-§-4 5 6-e*$ix.5J:5 

Slhf^JS«L< «Slt«-i|s|-C0^4 5 8^5, ^l-tRlt 
I'— r§]»rSi54 5 6 Jj:J;or?S$tlfc-^'</i'«-it^s'i;' 

[0 14 7] rtfp]^§JfWlfB(7?'<'</w±(c^E^^^?i5fig; 
■f-Sfc*. 0 5 725Lt)55 Std^x^tbS J; ^2(Dm 
Mmfi:mm4 5 2/!i5±IHC0fsitt*^<D:&ffi{Cj;oT@3 2 

5 3H:, «2(Oe^e<)'S®4 5 2 tea 2 0 a tORIlC 

S*t^Jieb<{4S:ittt-^sj-©M4 5 7{C 
J;oTl^S$ix5, ^SCig!SSS.i;5^-«S' KttS 3 2 0a© 
&mmii^mi^^fl?>o M3 2 0 aiti>^<l.X^fSLl., I 
C5"yyji3 5 O^VN{4?gttS|5S,Jl3 2 0 b tCiffi^f+tt 

i!fcv^T% m2 0®^6«)/rf:iiE4 5 2;6S|^*$tv 

$^«$ix5Bfi(c, Ammmnb^^. mmmi^^^. urn 
lii^t. X(4. iWfficvD (1 0 s: y h->'w;/5Si o o 

i/v 5i^y-7-Wi|6fro*ffi(cjg^ 

[0 14 8] 1114 6:^M5 8\Z.7f^^ri1t.-:fu-\2:7.(n>m\^ 
fiK^n, (05 2) , ^DASr^tfip'fc 



(32) 
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ite^gtCJi^^^ix. ^jSSl4 5 4;65Ji^^$tvS-<t»Bff 

#?>tl.fc«it<^{4. 05 9S.tJ56 0(vl*$ix5i 5fC. 
e2 4(D@ttig|5^5-*^*i--57t*7'7XN'3i>;/^i^;y$ 

»*L<I4. ym^7y KS2 l<D'f'^T">Lfc*»t 

10 Kji2 3:JS?^^KStt, eifk^ttS (06 0) , m*>n^ 
mumt, 0 5 575M5 8tC^$*tTV>5J;5t-*3ife^ 

[0 14 9] ±IE<Dj;5J-x n 

5o 3r/^^— =V^I4. RIET'oirx-e 

5, R I Eft*|f<ou— r^ffroffiit;:. #IS¥ 

8-2 6 2 2 6 5^0J^»(C|2ig^ixTU>5J;5''i«^ 

i^ynr t Lxi^m-r^xommicM^^i^^^o 
[0 15 0] -mmiz. 0 5 5iC7f^^ixtz\*i\^^mmn 
m^m^mYfx^^:^ktm^\^\\ 0 5 5^it;'5 6^ 

LfcdSoT. f\-^ismwrn(DmMt\.xm^^iifz.mm 
mmtL.xmmt^m(D^m.'?-iim\cmm^h.^o 

40 [ 0 1 5 1 ] 0 6 1 :^M6 5 (Ctt. ffi14?f|5p°o«Sr*^SSS 

5{c:^$nfc3?j68SSS05^WrsJ?x^ hW:, 0 
4 3 75^5 OS-O!0 5 175M6 O^^figL-ClftBJLfc^- 
jfe-ef^Si^tVSo 0 5 7 \c7Ti^ntzmmkm 3 2 o a jj^ 

b*&feT. «Bfla54 5 5SU!4 5 6};iJ;t)fp^$ix/::Jj? 

Ktt. iia. Ji^y^-«i|EfT'fc5«i|6K^J;o-r3fE«* 

tt^ y y Kg 2 1 o®aiffi±(j:m§tv. t^jKx h 
60 r©XS<Oife*f40 6 Kd^Six-CVSo 9: 
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(c, S16 2Sr#fii-t-5(C, VC S E L^^t'/^-Y;^ 3 6 
10 15 2] 116 3^#fii-f jKD-^-S2 5{±, 

x^^'f ;^ 3 6 Rt;«^^-r r 3 3 3 trsK >; Wijshoi^tcit 

±-t-Sfcfc^EJi(C5FM$iX'5o SOLNETT^n-fe;:?. 

T3 3 3<©±gi5^®aL, ®2 5?ril9¥Wt:b. 

6 4(C7r:$tl.Tl^-5„ iSfctC, 1216 5(C:T%$iX5J;5«-, 

ii»Mssxtj'/-«s' himm^tttim2 5(o±mim^^ 

< LTfl^fig^tb, ^jfeSlJ»rofcJ6©gte?I?iS«4 5 2 
^fflV^T. I C^s/T^^S 5 OXJi, ^&K»OJ;5'S 

[0 15 3] ^U^fi, 1^6 i:^S6 8lZ7f^^tlfzi:oti: 
^<Dm-^. VCSELtt«(6]#{CiaB$ix5'<#-e*) 



(33) 
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1216 7fiM* LV>*Sm<©¥SlllT*fei9. 1216 8 
{*S*Li/^ife*o»rffilil-C-fe§o i«v^ffl^lf*tr*•r5^ 
10 s'7^^(D4<Bro;^-<' s/^7'^<'l';^2 6 a-2 6 dtt, 

::*C^i/^*ii:Ji:$^*-t-54fiomLfc^j6SS2 4 a- 

2 4 d tm.mmcmm^in?>o m&^2 4 a - 2 4 d t 

t'.'M;^2 6 a-2 6 di:roS«-*'i^^i>-^-&5fc*, 7* 
^W;^2 6 a-2 6 d(Dmi-i:^^l,zm<^i?>Xov—^< 

©St, #X^W;^t^J^K2 4WPflWi|Sro^^'>*(i, 

^^ttSo 07 6S.t/7 7{i, s/^r^M;^2 6 a 
20 ro^s'^AS^)K^S2 4bK)i«$J:^)fcffi^^;S$S:*L, 

^^-t-»rffil2IT*fe2)o +'L^(D^e»:«)tt, Till^'vs'K 
S2 1 & (D±l,cm^^itltz^ y y KM 2 1 bW^T^;^:? 

[0 15 4] 1216 6$r#fi?-LT. 117 475117 7(;i*$ 

mi 2 *»fei6a6T, H 1 (D^' 7 y KS 2 1 a iS^— 
«1 2<D«Stcjg^$tt, ei^k^ixS, ^'^s' KS2 1 
a«±lEOVN-ftvro^7i/ K«-!isKcJ;t5«^$tl--Ct)fll 
30 J:?/iV^, JSJc{C, m2(D^yyh'm2 1hi)i^y'y Kg 2 
1 aO±{cjg^$ix5, rOj5'7 5'Kgtt> m^-^y y 
K^^i|s|.^-g■tpJl|E(D^^-f^^o^?7s/ K#i|sl-T-'b J:v>„ 

K»2 1 bi^mit^n^m^. mm<r>ifm:)jmxn 

i3ttfcJ;5l-^^W;^9^s'7"2 6AS^'7s' Kii2 i b(c: 

T-^y y •ymit-r^tcisbm.m^ixit^miim 

*$tt5<, rti-e>©xScoifem/J512l6 7(;5»f®lli^6 
8 <K>W-Wm\^^^HX\^?>o 7 y Kg 2 1 b *SiS3t*t 

±E«f^«XS{c^B(cifiiS/iiitf ^ t *s-C?# 5 

[015 51 r©::/'n-fc;^©^lSg-C, ^s'7'2 6«:, 

2 6 a - 2 6 d Srli^-rSJ; Ptil^^^— ^ 

1 bS.TJ5^s/7'2 6<0±gl5{i7;*- h U-v^x^. hg?:?!^^ 

so x^<>f;:^2 6 a-2 6 d*S?^^$tLS'<#»0ff-^s/:^ 
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[0156] 7 s/ K» 2 1 b /()5^?tWi|SfSr^tf«'^. 
J12 1 b®-t-'<T(75a55J-S:^^^— ^^-jZ-rsr t;4ST-# 

icB^^ix. ^7 5/ KS2 1 b:65:^^^{cg)t$itSJ; 
r(^^|5»-e^7s/ KS2 1 b^5SI)t$t^./i^^J;5 

[0157] j9c<73ISt L-T. y<9 — >=-i^if,^in1t.7' 
^<l'><.26a-26b OT{l!J^K5< ^ 9 .y KS 2 1 b (7) 
i--^T(DgP3>f4l^*$ix5„ Ji2 1 b;4S^3tttt?fo.5i^ 

1 b:4S^&i^^tti5^#»^(c«cW«ft;4S«fg1-5rtSrPa 

-lt-r6fc«)fi.*(D9=-s/^2 6 a - 2 6 d^ffiffl-f--5r t 

XST-(i-*«f^S/y2 6 a - 2 6 d (DigBf-i^^ttfc 7 
^g^fcioTfi^' 7 V Vm 2 1 brom^XS-C^ffl 
Xfifyv Kg 2 l;dSjS^L/£V>'fb#6<)ttK€:*-f 6# 

yW;^2 6 a -2 6 dSr^N°^-=i^i/tfcm(C^*$iX 

5o i5'7s' KS2 1 b{4. ^iRkmmic. -mt^mmz 
Jit Lxmm^^ti^. 

[0158] ^ 7 y Kg 2 1 b imtftU^^'k'^^^i^^^m 
■a-, b</iV^^7S' KS2 1 bO«4^HL, <i>«r(7)^ 

n^:^y=f->i^i-^xoMm"imx'hiAi. S2ib;5s 

ffM^ttSfKcy^XVcXi/f^ . Ks/7'®5rS2 1 a 
0±lCjgfigL. r7X^3:s/^>'^^'X@lCj:-3Tg2 1 



(34) 

[0 15 91 r<D:7'n-fe;;^(C2Jc(OXSl4, |iI7 2{i:** 
5o ^(DnTMm. 117 4(D¥ffi0tia7 SraSffffiia 

<omi. *f * U < f4. -r ;^26a-26d <Dy'—^< 

10 ffluc^L. xf4, y—y<m\cn^mz^A-i-i>. JJcWX 

mSr?^figi-Sfc»0#Jpfl«j;fe*aaxS{4. :ioi9:isi-efir 

[0 16 0] }^(DXUt LT. x^^^f^^OigsaiS, y< 
-rr, S<^-hffi©«^S8Sj5SJ^^^?tl5„ r<^g 

rni^m 2 9 y KS 2 1 b ©Jilfp^ L < ftrtlfPlCil^^ 
LB, RXf^ ttA/:/Sr5pi'x^ V^{CJ;cT^JRm«»cS 

ntzm-^. im^:x±(r)^'yy'<DmMt)^-^ 7 ks 2 3<d 
^^^yy'-^(Dm^im\^m±<Dmm^hnhti 

[0 16 1] E7 2^c;^%$^^fc='7•JiteaxS(c*3V^ 
T, S*i6<)ife^'7S' KS;aS3TS«±{itifeS$ti#5o 

h'Siimm^ti. yyh-ryh'- y^i^mt^iX'?>o = 

Wli^ttfc^ffi{4^'7->' Kgl^{cfc-5„ Z(D2m 
40 T7*ci— f^tt, zirmti' y y Ym(OfS[(DlM^M<D^m. 

[oi6 2\m<D-yu-t:;^(Dm^mx\t.. im^±.(Dc 
M p xsfi, CMP w-mcMMt^ t ro^t^- KfcSL t ga 

\zi,xmit^ti^iiotim%^m.P!m^'&m^fi^t 

='T«#ia(DCMP¥Wl:«^ST-$)5o 1117 2(;i 
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[0 16 3] ='Ty<^'—~l^^:fa±y^<om<DmMi^t 
L-C, 5::^^s/ytt, i~^yy^>S:m6 7<Di^7yh'm 

tfo ^nm^. =f-'>zf2 6. ■r^<^;^2 6 a-2 6 c 
fi. 117 5SU?7 7{C^^ix5 J; 5fC, 3g^26' . 2 

6a' . 2 6b' S.r/2 6c' d J;oTB#^X.?>tb 

[0164] 1112 7!;^ 21. 11166:'!/^ 76. 11183 
9 0 , St>\ HI 9 1 9 8 

O2 . WO3 , S i Nx . S ittroj; 5/iiSSi(f 

(is Si. ^H. Xt4. 7}f y-r-S«WJ:5^<C]^#^6<){- 
TtatffSi. 5^i<fio^^lKj4, nee 
7I;M 7 7 \cm^fi-k.:^m^^m L-Cit^SEKi: LTI^« 

ffiiBUTtiv^ ^<om^, mv>7L-tnitm (073) 

Mt4ll 7 2 {c:^$Hy5:XS©^}cffi«-r 5 ;i t ;SSWffi-e 
(0 16 5] ±ISK3Sra-fe:^{4, 

1550 (a) ) „ m^f^u y~\^^m.±.(0'^m^<'y k 
/y-rxiiaesns (i^ia<D (b) ) . «ig-r/<'r^ 

(c) ) „ J^y-r-ji. Wlg(c<fcoT:»Kx^<-r 
>^(Z)^'^/^4-C•¥a^k$i^•5 (l^ia<0 (d) ) , *ffi = 



(35) 

mmn (e) ) „ 3^;S^^a<^)S«^4. ^ 
5S(r (l^ig<0 (f) ) «L<H:^ m^<0 (g) ) 
'1^;^ hSrf^SSL-. -tromtc. Sfeji;^^. ¥ffi{b. =^^^ 
tUT. ^^■^r<^?i^fiK;^i*i:(4*M^(;i. ^■<->':7r^y 

(^SJxtf. -f;i-i^aA. mC) J4, J}?y^-«[®XSro 
^{cff 5it:*s-et5o x^^-r^rojEfiiifD^ ^7'r■^f- 
f4. *y-^~®{i:*©^JSiS:«fcitV7'/Mx*Mk<Sr«/i^ 

[0 16 6] 07 8 75M8 1 IcMr ■5lft0J(-o^^T 
■fSo rtL5>w^v^a->'H4±IE(^S!{f^:;&j£f::J;oTM 

«:<0!«S§itfc:*?-K5 0 1 i: 5 0 20ra<©a*Sffl^ 

ea^ixSo K5 0 iS.tJ'S 0 2{4. 

5 0 8 (cea-r SlS^<^^;=<-f y 5" 5 0 6 
-f-5, =&it;^>r y^{4^jSK5 0 3{Cj:oT3t^-?y-*S 
^jSSgS 0 3(4/^r7-S:;^-r 2/5^5 0 6(^- 

'it'f^M-:^ m7L\i^ «■?KlR«b<f4m■^^t*ts|B^<D5 

s*fiiy»^EiaA^'bSE(cai«-rs„ ^t^a^Tj?- ks o is. 

^'au:/X5 1 iSriiii-rSo 

5 0 8 tilAltl-'SlfFClffit^-^'l' ^ n U VXSriiJi-f-^io 
•^^^ p W^-'XfiJlS 1 OO^VUrJ'lJilSI-J; 19 tiftV^BSr 

if>m(o^m^^^- K5 0 1 1 5 0 2<r>mzi$ALxt 

[0 16 7] -r^^a uyXj4. ^f*L<{4, JtBtfrW 
)|S|- r;Lj}f>'tt*>6)A#-e#53Ky;!5f-i' K (Pol 

yguude) ) Ov/-h*^fflL, •V'f ^ a ^>'X4rJ^^t- 

rttCj:^. SOLNETT'n-fe^lClioTf^SSiStV 
5o S5 1 0<^^B*»e>^fci:#O#-r-f U'V'Xw 
60 »fffif4. nJK«L<»4«Jg-e&5o S5 10O^ffiJ4. 
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K5 0 1 i: 5 0 2(^^(c:^ttP>tLSo 
[01681 5K-K501i:502 (?3S«, ±a<oro 

^s'yyv-^/. afet/i^i. /<y-«S8S5 0 3 i3t;=^-r 

nbcoJl«, ^f^. El? 9(;i^$ti2.J;9(C7lf-K5 0 

[0 16 91 mi Bibmi 9K7Ti^fitLmmmt. laa 

iimigi bTVCSELCOf^St>t) tiBtS^t^^'I's/^ 

-g-fc-arT^ffl^tiSo -esix-tf, )t«jg^;^'r 0 6 

^^fflLTt<tV\ ^VMi. 113 9 75M4 2(C^$tb5 
X. 0 ^iff^T'^e Lfc«RSStt> Tt:^^' -y^S 0 6 

[0 17 01 i<0«;|;«, ins 0{C«B&6*){C^$tv5J: 
5{'Sttg3 2 0 t I Cf-yzfms 5 0(^i»g(;i«ES3t 

Si^SrJi^sfe-r-5:t*a:3S$ix5„ BIS 0{::<ttL«. VC 
SEL. ^%m=f-. RU. ^m^coH^tiiS^^&ii. 

So SOLNET7"n-|r;x.(j:, avHca^^Hfct 

m^?>f^P>ixfc4^>T'^' hfi. ?£t4a3 2 0 
b . 3 2 0 a , S.t)5. I C^s/y^3 5 OSr- 

7 1 0 i LT1tfigL.Tt J;V\ ffittSK 7 0 5 rtiH 3 7 

iw;T%^ti-fc?l^^T't>J:v\ ^-s/ h 7 1 o»±. z;^iRi{r 

v^-C^)S^g§(C^^-g-r-5o ^-y h 7 1 0{S. US 2(r 
TfcJ;v\ fflSftt«i|s|- (0<J;tfi. jK!J;(f^' K) (^S^<D 



(36) 

-W-m:.^m^ri. ^tiZ^^t'-AlrfflV^-tSOLNE 
7 0 5[Cffi^a:T?)tl-5o 

101721 mis Tb^ 12 0 SiJ<^>^aT- 3 ifc 
7c (OE-3D) ;^^'5'^«jgds^$tvTv^5o f-y-:^ 

^Ji*^^5, lai 2 ifi. *^§q^ct>v^T. #JlOEj£ 

m^ti^m=f-^nm-r^mxh^. [1122 7511125 
t^i^^^nsipic, ;^^->'i5'«agj4. ^WL<Dmm<om^ 

^tp, lai 2 2tc*$tv5J;5{c:. OElKf*. #*P6*)''i 

^;^^W-rSo tii!)*mT-x/W;^iitt. vcsEL, 

s'T', mmiS^^y^. LSI, ©st, =^7^^ 

:/^««>ji/i/-et J;v\ 0i 2 4fc:^$tufcllJ6^o:© 

m\cim^i\.^, iii24(c(i, m-im. vcsels 

30 XI.^.5o ^ e>»-«$t''j:#S^S8S(*x 012 2. 124 
[0 17 3] m^6^S.t/^^6<3z1gigg^ffi^^TS/^50 

E]K^-r:/^aji-r§te;^{cj;o-c, ^.^ro/^-yj^-v? 

«jti65#e>;Jx5o HI 1 2 6 1 2 9 };iC±. M^feyi^^ 
/W (FOLM) <0{|i|B®;dSS^$ix-CV''5„ FO 

tl-5'<#5^y^. C S PXI4MCM*^p5^{t#S:jB!ffi(c 

40 ^#ejtvSo mi 2 6(cS^$ix5i5(-> ^JSSS. vcs 
EL&O^Sjfe^^^r^tf^S^-M (OE-M-DW) 

AWK^-f/^Sr^tpVCSELt. «Wit4«§g^-^tfS 

B^-t^o vcsELH. =}-vf<Dm-h\z.i€s'^\^x^ % 
i^TW) Sr:frLTOEM{cgJiBS$ixfc5i?-K^L<tt 
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Eli<o^ffiiJ:5^p5 3t y ^^^^ LT^JSS§(;:g)eg^ixfc^ 

[0 17 4] 012 TicTn^tL-s J; 
Siij«K?§«« (OE-af-w) tg»oE7^/W;^ 

(OE-M-D) fc'JtSr*-rSfth,<73S;Kt^>^-3K- 
5o VCSELtt. ^s/rW;f3f;iJSDT. m^^)t^^ 

:J'^v=^-/l' (FOLM) <^-||Jg0iJ^5S^$^XTV>5o 
roJiJty >-^'^v^i-;WT'(d:, »Siif§t, VCSEL 

S5t«-^i:^{i;tfcOES« (OE-IK-DW) 
f*. ^y7°>iS3liS$tlfcMCMWT{a[|{C*)5o Ell 2 9 
StfJ^ftSSBg (OE-M-W) irtgibOET'/W 
y^m (OE-li-D) <^^JS;fi]gL-CV^•5,#;S:^^^TIlll 

2 8 (Dimm L fcj^jfe y V * 3. -/woiafe^j 

[0 17 5] Hi 2 8(;:^$^^fc«Jg^^^J:joV^T, OE 

»«[<0±(CflUg$tl5<, mi 2 6, 1 2 7, 1 2 9XU! 

1 3 4T'^ffl$iXTV>5«M^='^^'^(4. OEM'^ro 
iKSS2 2ic7c5t3^i^^'«i<fco-cetife;te>Jx-5o 
^^^H, OEMro^SEgSSr2J!>:5c (2D) Vy^^^r 

{c»iiT-fcS„ :::coffife||*s/7'y ^-i^rt, OElK^5 2 
D^T'I'^^TW'C («L<{4, yr^''U 

10 17 6] ±m<Dm'o. m3 5jbm4 2, rx^^ mi 
lai 2 6^tu«i 2 atom-t. h^7'<y</mm^'^'>ym 

I*. OEt*^-?^;^ («»l;tfS, VCSEL. 7*h^^:t 

E -m- DW(^)±{C«S $tV#5o m 2 7 StJ^ 12 9 
(Dm^\z. K7'l'/VJi<iSS5"yrS{40E-|g|-D± 



72 

«iijx.(f, K^-r^^lHlSS. litlSlHlSS, yUT:^^m. U 
So 9^>'7'STJ50Ex/-«'<;^J4, l^ir-Jl (OE- 

[0 17 7] m.^Amtim^mt. mi-^^^^i-ittm^f- 

[0178] 0130 14, i^^StdfSC-C, 'ft-^-;^^^.- 
•arS r t ;{is-et i 5 (CO E^(D-gi5;i5-t-5j-/j;^rBl?SrW 

[0179] 111131 (DW-^MRXfWl 13 2 <7)^SI1I(C 
m^tlilX^I,^. 3^i?^i4, $f*L<tt, ft-^^::!^ 

^ y 1 ^7cT w-r 5r«iSSS«7) 2 j<)c5£T W 

t;!)ST-#5o mi 3 0{::^^i^5J: 

40 tf fjtbSo 'Ky-^-l^WJl^H. 1^ 1 o:'!;M2 5 0 § ^ 

iS?J3 0 7ilE2 5 0 V©ffiHf'l®fy'3^-r?l 
2*(D^fe8S*iR^-t--5o ^^wy #V(04Sf4, 

ffi!lS(4, if*L<«, ^Sli3t='^i?^--cO;!7 5'7'y 
60 9> IKJty :^:J'*i'3.->^UF0LM<0^j6KSr, 2J!)i:7C 
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<^ j»Rss T ^-g-tf 2 ifcTc^j^jssT -zin^i/ ^\zmm 

■^/u^T'w^-t^ (MUX) S.O^j^ftT^-v/v^T'w^i?- 
(DEMUX) 'tifroj; 5'&J6«:5)-#l#l[fl; (WDM) 

[0 18 0] 01 3 4(^{i. Sii^^fey >-i^*v'^-/l' 

y^y^n^^ Jt^PStl, VCSELit) t^Sv^SS 

(OE-ADLES) ^{£^-t-Srt 
;4W*LV\ OE-ADLE SO^-g-tC, ^^|iSf±^ 

So Lfc/S^oT. #JD6«):^C K 7'!' ^y^yS^ej^^ 

^.tV^ ##CDfcJt>?lffli-5 1 9 9 8¥l 0^ 1 2~1 30 
5 H};i1^iJ-eMffi$iXfcl|8|lIIketani Conference, H 

4 minternational Conference On Organic Nonlinear 

Optics dcoNO' 4) *jv ^x%m. ^ 3 i^J^ymc J; 5 

"Optoelectronic Amplifier/Driver-Less Substrate, 0 
E-ADLES, For Polymer-Wavegude-Based Board Level In 

terconnection-Calculation Of Delay And Power Dissi 
pation " fifi, OE-ADLE S^g&U5^^)fe*Sfa« 
^i^TV^5o OE-ADLEStt. 3tm^SitS<^='^ h 

[0 18 1] ^3ty v<7^i;?:x-/i'H:, #IS:<^3t«^^ 

m.X 3 71C(±. V^'^i^^-zU (FOLM) «ig 

<*:<^»*LV'>— *lif!l«)«fflgP^S*$il,TV>5„ 1113 5 
{4FOLM«3t<*:tOfti]BlllT*fot3, iai3 6{4FOLM 
mikW-<J:>±W-(r>±MmXh^ . FOLM^JgJK^rtrSS^ 
i^TV^5MT^^^^'^Cg^iBg■tS;^d<3' MJ-'fXai^/^ 

-^j)s^ttibixTV''5, mi 3 6{c*$*t^J:5{J:> 1 

6flfi|OMT3:^^^'tli;>3©— O-fot 1 2;*COFOLM so 
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M1&m^m^^(r>X. FOLMrt-C-Jtffif-Sriift-f-5 1 
9*®g^-V^/W7)5;i^ffi-r5. r^|g$ixTV'>SMT<03T 

62. 55^n>'X62. 5 5 o V, 50=iTSr 
*-t--5C0-C, S$ 5 c mOFOLMti, (aT^fejJSl 
5 5^d:/X 1 5 S^^ai^c^) ^m^^^S^S®>^.^^f s/ h 
1^-f xsr^S^xr»c^S:^c^?*. MT3;^^^'^^c^*e*)^c:i!!g-g' 

J; 5 (c^jSSS€r^Ji^-rS 7 T t L-C^ 

te-rso ffife^i^^/ry ^-i/cci^-a-ic. y^Kvi^f-^t^tj 

2j«>:7cTL"r 3 (0iJxll, 16X16 = 25 

6) tfl|g$tVfcOE-IKti5ti3ft 

[0 1 8 2] SI 3 7<75 (a) SU^ (b) \Z\t. »S b 

v>S!ig:fyiEfe{cj;oT. r&««^®«!!a$4xfc4 5° <r>mm 
j; o T ^iSSSI^SM WSr/3t#W(i^iK $ tlfc V C S 
E L;4q#e,n5«^*lftl^-r5 F O LM«5tft:(D-gi5<0 
I^^^B/i)S^$i^TV^2), |1113 7ro (a) fi,T/ (b) t^h 
*3*»5J:5t;i, VC SELroAu3V>5':J' hSro— gp^)- 
14, ilM^MS^Kt-m^Wt-Si^^tl. VCSEL--© 
B^Si^;ds§^{ctfx.SJ;9tc/iS, iisiji 0 ^^'ni^x 

1 0 ^^'nvro:^-— C)M«**"i-5VCSEL<0^ 

'^SW^ti-S J; 5 trgt* 
[0 18 3] FOLMlt3t(*:0$liag7'n-fexcO— ^Sjfi, 

yi' $7')KSr?i^fiKt--5X@Sr^tfo M i <^)^ y 5 
^5Jg^^?*tfc«, KS.US^ffidSjKy-^- 
ScD^ffiitiitia^ttSo ^-^y K«VCSELSUf^3t 

-'wy 7 ^3^7vcsELS.tJ5g.^^^{i^ ::zy^^\./<. 

h^-^s/ K{'g«i-5fcie)Au/S n/Au^Sl!£tScj)Sfi& 
ffl^ixS, ^2W7Ky 5 7'g^L<ttte<75ji^7i^y 
^T'JittVCSELilcMa^ttSo «SttCMP{C 

T^a (x«, si^«&e!{t:^tg^>}^=sr:^ji) a^^mt^ii 

ffl«i!'7S' HWF*5tC««)3i^*t5„ 4 5° ®^Stt. R 
I ESU^i^— f'^il!<^ J: 5 ^£±IE<0{sriL;4i(^®3tyn-fe 

C4EJi1&«*Sjf ^ L< I4VC S E LOaS&tF/XWV 
[0184] EI1387I;S1 4 5K^^tli)X^\C^ Wi 
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(Sl/Ml. ^«^-'1'>-^-^-1^*-) (OE-IP). 

■^jV'f-J-y^r^^V'^—jv (OE-f i 1 m-MCM) 
L-cmS6<]&0!it^W(CSE«g$tt»So OE-IP 
^ry^. CSP^L<ttMCMt. *»«b<tt# 

Ji. (iA/i/h'Jl^V-T"^ TLB. WIT. ^JRtfetiC. 

S.t>\ *H!|tfr-ll5, 3 3 4, 8 0 4-^(;i|stt$ixfc;^ 

ti±y^\ZX^Xnm^in^. — o»»*LV'"<— ;^ h7 

ffl$tl.5*ll#f^mS^0 9/1 9 2, 0 0 3-^g^*B# 
{C|a«$^XfcMA J I C^— :^ h7 5^— '>3 V'T-Si) 

So 

[0 18 5] *^BJ(Cj;?,3tm^irfJfi^OE- I Ptt. 

ffi-*w:*&-eoE- 1 picga«^ttfc#!^«3tai> su^ 
$iSo°p*-&ti"o lai 3 8{c^$tu:fcoE- 1 vo^—mvm 

{C*3^^T. VCSELXU^S^fe^^fi, OE-IPCO/K 
y ^{iSfei^S |g|14 1iCf4, VCSELO 

SOE- I P/45^$tvrv>S„ OEJlXfiOE 
- I P±(D^m7!)^hm^^iti^o 3t2Sttx H 1 4 24::^ 

IR (EA) ^P^<7)J; 9'i«TF)tX''<'f';^^-g-tp„ 
[0 18 6] Si 4 6(C(4. OE - I PJttBHiS^^SSf- 
.xT'/CSP/MCMll^EfcSfJ-Lllll 3 8S.U^1 3 9 
<O:^-a-tf*S*MB!JDBE«Sttfc«a|Sr^-f-0Tfe5o VC 
SELR-C?^;^- Vi/-r;t-Ktt. jSffliMf+iffcDO EM(- 
SJ6iiA*4x-5o llll4 3(C|i, OE- I POisgffii|};i||^ 

P(0— FW5^$ixTV^?)„ OE- I PJiOEBiW-a-U 
TtiVV VCSELtS^t^^l*, iSfiiJffi 

StJ5±fiiJE<7)f^3aT'0 E Srt (Z)ffi«)ai^ixT t i 1^ \ 

[0 18 7] Jlc^l^roOE- I Pfi, ftfe(DOE@t*li 
1SScDJi^T*^ffl$tuS„ la 1 4 7Sr/|gll 3 8(iOE- 
I P<?D||1£«SJT'&9, nil 3 9Sr;!|gll 4 8{C(iOE- 
M-MCM(OJIlfeC»|;6SS**^^TV''5. 1114 4X0514 

iij^rt. OE-|g-MCM;iSM?iJ3¥;y V^^v^a.— yPi: 
LTfieffl-c#5J;5t-r5o lai 4 4Xt5i 4 5{::*$ 
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E-M-MCM©3^s/i>icSl'9f+lt?5tL6o ^'U^^f-v'T' 
^yif. Xtt, fteWOE-I PXI*OE®--O* y7'!; V 

;i' (FOLM) XfiJti^-Y^^^^-SrJ^^-fSytfefctffl 
[0 18 8] *^PJfi, 014 9S.0«1 5 Ot^$ixT 

::^±(cvcSELi:g3t*^roru"l'«r*a{k-t--5„ U 
^®*f3*;dS(gV>, g|l 4 9(c^$n5±5{-^ VCS 

E LSt)^s?fe*^=-<^T ^^rtgc{cffiit)iii*ix/cjK y 

(OE-K-D) >^-v-hf^-fe/Wt|^C^tB 
^4/WT;^^l^fflv^Tf^^K^i^5<, HI l 5 OJc^^ttS J: 
20 m^]^ (OE-I^-DW) Sri£fflLTf^MT-#.5„ 

l:iS^lcf^SiL#So OE-|^-Df4. tSjfeO^^s'y^ 

i«flliJ5:i|t»*icilS*5o E -Bl- D (^-CigJil t ^ J^5^&^ 
30 /jra;^ hroiJjl^>4S#lbix5„ ^e^ic. jHy-v-JlJi, 

[0 18 9] mi 4 3(;i(i, isiffls(;^^^s/<;r-v^>-ir$ix 

fcOE-a^ro— ||Jg{»J;45^$H-CV^5„ |ill4 3(D 
(b) (75»fSE{C^$tLS±9{i, ^ 1 

3fem-^SrOE/^5'^>^U-V®. ■r>*ifc>'^, 112 

«MCMtt, #Stt^feK«W{Bll^c^ia$i^5, 014 

3<^) (a) cO^^HtiS^^tlSJ; SJSJc^^v'^ — 

^:T#^p6<J*■!^^K-^SB*^• (gI^$^^^iv^) *sffiffl$jx 

[0 19 0] OEB]jfSiJ[H]SS««X«-ri^*-d? 
- K$r-^tp J: 5 fcttSR-f-S r t 5o 0 1 5 1 {c^ 
$ti5J:5»-, OEBl]5iJlilgSa« (OE-PCB) 
»^L<(*. 4 5° C«^®3t*s'7'7-SrfflV^-COE- 

60 E-MCMF^roVCSEL^fBliB-rSo — IfPWVCSE 
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L. flilOVCSEL;!i»f><D3ttt. OEBIlcS!t-rS8Bd> 
tOE-PCBiC^gg^tt. OE-MCMCDJ: 5/im«> 

i: co^iill >!)Stf ;t S i 5 ''i 5 0 
[0191] 1^152 {dfl, MCM(*3R-05MCMK(7>it 

i**S1-?>o lllC>OE]^{4m2roOEtt}'t.Sfc$tt 
So m2 00E)^tt. MCMF^ (^J;t«, jK- KM) <7? 

4^-y7°MCM?r^^-r2)c miroOE]^i^2<7)§t() 
O Effiro3»jKSS<^^ffi{4, li*3i<k-f-S r t ;4ST-# 

hf-^X{ciSCTfi£;k:SttSo jS^JfeW^Sil^ttS^Si 
K--<^/MT(rj;oTf^^^tv5o 
[0 19 2] El 1 5 3S.UJ1 5 4 MCMI^SlT/M 

So mi 5 s&o^i 5 4(c:^$ttSJ;5(-, S 
So rtilcioT, mi 5 2ic*§nfcllJ6«a|<fc?) tiiS 

[0 19 3] 

^tS5SS-§S{^-t?#SJ;9t:^'iSo r(^Sft14(l. ^yT' 
CSP. MCM^b< K<DraT'ft-§-5rifS-a-r 
-f=^'y^-)V^ *y ^^'^v^i-/^/£^f5rlSti••r 

[0194] ±IEWlftK-CJl. !|#lc3ll(gMfiH LT*5I 
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**L#Sri:;dsail*(c0^6>*^-efc-5 5o Sfci, ±IE 
M/S^feSo 

[mffi<^1ffi*'iiJiBJ] 
^ 1 HJS^ijcoitfigm-efeSo 

IIII2I ^^e^iciS^tx-Y s/^olSl^lfe^iJf^KrEIll 

■efcs. 

[0 3] *^WJcJ;S3t;^'i' y^^w^i^lSfi^roipffim 

rfoSo 

[0 4] *^?^(;iJ;SgJt*^x^W;^»milllfe«a)w 
«lfi8;m-cS)So 

[ms] :if.W^\z.i,^^%m=i-=f^<^-:^<n>%^%im<n> 
«^lllT-feSo 

20 [06] *^M{c:J;SS3tiK^X''W;^w^3*liS«sj(D 
is^m-cfcSo 

^ 2 iiig«iy(^is^m-c?fe So 
[0 81 imm\^i,^^m^%=f^^'i 7.<r>%m.m<r>^m 

m-cfeSo 

0-efeSo 

[010] immni.-i>^m.%%'fj<^7.(n>%wsk<nn 
ffi0-e*)S, 

ffi0-efc5o 

[012] *38?^JCJ;5SeS«©f^i!!;^ife©t!iM0t? 

[013] ;*:^p^tcisei±««<of^sa;^ifeoSi§^0-e 

[014] *«Wf::j;SS'l4Stg<z>f^§S*^©|ft?g0t? 

[015] *3ie^f^J:5SttS«of^$S3^fe«)tft?^0-e 
«>S, 

40 [016] imm^t^^>^w&<r>i(m)3'^'r>mmm-Q 

[017] *|gW{::J:5ffi14a««>ft8i*ife©iftW0-e 

feSo 

(0181 *^i^«-j:sei4s«of^ia*)*®tfti^0T- 

[019] *|gW{cj;5«ttS«wf^iS;^fe«)SftW0-e 
[02 0] :*:^B^{cJ;SS14*«ro^t«;^)£<^lfti«m-e 
60 (0211 5?Stt««O#S8*ife©SiW0-C 
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[1112 2] :^%m:iii^ml<D'^^^^'^'^ 
[112 3] 

[112 5] ^^P^di^mK^-^^'^^^ 

[112 6] *5ll^tcJ:5Sio-r/w^^ 

[112 7] ^^B^tCi^^KO-r/W^^ 

[112 8] *^0^(^J;5|gico-^/w^f- 

[112 9] *^l^{cJ;6^lo-^/^^^ 

^Kf^i-6f^»:^^oiftl^ll'Cfc§o 
[113 0] 

[113 1] ^mm\^i:^^i<D^/^^'^ 
>^ -7^ i^ST^ffi T- A -ettffl s n s 

4r»fti-^f^K;^&oi^0^11T*fe^o 
[113 2] :^mm\CX^m2(D^jU^f' 

[113 3] :$:^0^tCj:6^2O-r/^^^ 

[113 4] ;*:^?^{;ij:S|g2c^-7yw^^ 

[113 5] -^mmK^^^m'T'^^^'^^ 

[113 6] ^^PJtCiS^tm^-^v'^^^ 

[113 7] ->^^m\cx^ytm'?''^/i^^'^ 
mm(DitL<Dmmmi:7r:^m^mxh^o 
[113 8] ^^i^tcjzs^m^-v/^^^ 

(113 9] 

s*S(of&<7)iijs^j^*-riSixS:iiT*fc6o 
1114 0] ^^e^tc^sjtm^-^^^^^^ 

(t:) ^iSM H 5 o 

[114 1] *^PJ{cj:S3t«^^-^>^^^^ 

[114 2] *^0>^(cJ:5*l;i^-^>'^f"^ 
S;K(7)fi!io^iS^J^^-r«^llT*fo5o 
[114 3] 

[114 4] *«ig^t;iJ:S5tS^'-^/i-^^ 



(41) 

5^7^^V?^— 20 
-/7'^V^:x— 30 

5/:/^v^^^/^ 40 



-—;V 50 
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[114 51 *^e^tcJ:S^a^^-^/^^f*:yy^v^^->'^ 

[114 6] ^^P^{;iJ:^^m^-^>'^^^:y:7'^>^^-/w 
SSofili<^f^Si:^&<oUi0j H ^ o 
[1^4 7] 

[114 8] :$:^P^tcJ:;5)tm^-7/i^^^5/::^^v^^->'^ 
S«c^)m<^f^8a*feomPJllT*fe'5o 

[114 9] *«ggic:iS)t«'?-^/^f"^5'::/^v?^->'^ 
S«oft!l (^fl^S^ffio^PJ H ^ o 

[115 0] *|gP^{ci:5)t:m^^-7/^^^iy:/^v^::«--/^ 
S«<^ffiof^K*j£(7)|ft0Jl|-CS>6o 

[115 1] *^P>^t;iJ:53tll^-T/i-^^^/:?'^>^^-/^ 
0^ H fo ^ o 

[115 2] *^PJ{c:j:6^m^-^/^f='^5/:/^i^:n.-/u 

[05 3] :*:^e^(cJ:5*m^-^/^^^2/-:/^v^^-/^ 
S«(^flfeOf^ii;&SfeomP>^ljT*fc^o 
[115 4] *^PJ{^:J:6*m^-^/^^^5/':/^v^::».-/^ 

S«cOffeOf^M*&<5C)|ft0^1lT-fc^o 

[115 51 

[05 6] *«?qt;i<t5*m^^-^/^^^y7'^i^^-/^ 

[115 7] ^mm^i:i>%mi''^/V^'^yzf^^y:2.--;V 
[115 8] *^0JJcj:63tem^-^/^^^!y:7'^e^^-/W' 

[115 9] ;*:^PJ{;iJ:6*«^-^>'^^^:y7'^>^^-/^ 
««<7)fi!i<^f^»!:i^ffi(7)SiK la T fc ^ o 

[HBO] *^0^{cj:53¥:m^-^/^^^5/:7'^v^^-/^ 
a«(^fl!i^^f^M:&ffiolft?^l]T*fo^o 

[He 1] *^BJ{c:J:^^«^-r/w^^5/y^i?zL->ru 

[116 21 *^PJ(c:j:55fem^-^/i-^^5/:/^v^^-/V' 

[0 6 3 ] **M{-J:S3fem^-^/w^^:y>^^v?:x— /i^ 
S^ofiii(7)f^S;^&(D!ft pj H fo 6 o 

[06 4l.*^PJJ;iJ:^)fefl:^-^7P^^5/::/^v>^— 
S«coft!i<7)f^M;^ffi(7)IftP^0T*fo6o 

[06 5] *5SM{-J:53tm^-^>'^^^5/::7^^v?^->'^ 
se[oteof^:S:^fe(7)UiPj0"T?&6o 

[06 6 1 ^^B^ici^^m^-^v'^^^iyT'^v^^-^^ 
S«[<^fifeof^iS{irffi(Z>^?q0T*&5o 

[06 7] *^PJ{cJ:^^m^'^>'^^^iy::?'^>^^-/^ 

S«(Dflil(7)f^Sf:fr&(^IftP^0T*fc^o 

[06 8] *^?qtcj:6*m-^-^/i^^^2/:/^v^^--/i^ 
[06 9] *5ligi;:j:53¥:l:^-r7W^^>;/:/^v?zL-/u 
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[117 3] *^0^tCj;6^m-?-^/^^^iy:/^v>^-/^ 

[1117 5] if^^m\^X^%m.^'^J\^^'r^y'f'e^Jz^-jV 
[1D7 6] 

[1117 7] :^mm\cx.^^m^^j\^^^y^'^i>=^-ji^ 

[I1I7 8] ^:«e^tC<tSgft^PflMCMi^;^xA(^SiW 
[1^7 9] *^0^{cJ:5gS^raMCMix;^xAco!ft§^ 

[1118 0] *^K(CJ:5 3 J«kS:MCMi/::^xi^COlfePJ|l| 

[US 1] *^0^|CJ:5 3]Sfc7cMCMv->^xiN<OSft?^|ll 

[1118 2] 3J5C7cMCMix;^xi^cO!ft?^|l| 

[I1I8 3] *^0^cOfl!l(7)rn-t;?;fCt^oTKf^^tlS* 
fflxVW ;^&D^»iKKS:-^tP»iKco-*M«?«CO«Eg|llT- 

1118 4] *^?^ro{|fe(7)rn-fe;^}c|S6oTi!!f^$tt5« 
[118 6] *^PJ<^ft!l©yo-lry^{CiSoTil}f^$tb5* 

& So 

1118 81 *^PJ<^tero7'n-tx{ct¥oTKf^^it6« 
[118 9] *^P^(Dffi(7)7°D-1r;^}Ctt§oTKf^^ix6« 

& So 



(42) 

[119 1] *l6e^<D^t&<oyn-fe;;^}j:tSoTjJf^^tl5m 
[119 2] *5l§^(Dffi(D7'c2-ir;^(j:^^oTiSf^$ti.S^ 
[119 3] *:^§fl(7)ft&<^ynir:^(;it^oT$af^^tvS* 
[119 4] *^0Jofl^l(;5■7•^■t^^'^^oTfSf^$^^5A 
[119 5] *^0jo^i&W7°nir;=;fct*-o-cSaf^$ti.5* 
[09 6] *l6W®(lb<07'n-fe>^ttS-DTSaf^^5tvS« 
20 [119 7] *flM(Z)f|feo5>^n-fe;;^{j:i¥oT$if^^tn5A 

[119 8] *^igofl!l<oyn-feJ^(CfieoTiaf^$n5* 
[119 9] :*:5gMiiJ;-5«!aS.i;««M**s'7'7-SrJ^ 
[Hi 0 0] *^BJtcJ;5iKf^Rt5«M3t*2'7'7-S: 
[Hi 0 1] i^%m[c^hWmRV^mm%*y:^y-^ 
[010 2] *^KJcJ:5j8IM2it5«IS5fe:*y7'7-^ 
[010 3] ifi?m\^i^^WmJSi.-amm%:f] y^y-^ 
[010 4] if?tm\ziii,wm.RTJ^m%*y^y-i: 

li«f!lro^^0T*fcS, 
[010 5] *|g|^(Cj;SijaS&tJ?«|ffl3t;«;5'^y-:^ 

[010 6] :i^^m\^i.^mmRxiim.^iiy-fy-^ 

i£«»i©M«0i?as>s. 
60 [010 7] ^^m\z.i.:s>wmjkxfmm%i>yfy-i: 
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[mi 0 91 i^%m\zi.i,wmRximm%*yzf'7-^ 
Bht-r 5 -m(r>:h-mi^'^^x9&m:^tiitmi&mm<r>-m 

101 1 0] :^?tmicx^mmRx^mm^:byyy-^ 
mf&iri>-m<r):^mii^moxiiiim^titLmi^^m(r>—m 

mm<Dm^mxh^o 

mf&-t^-mff>:^mi^%'^xmm^ti±m&f&m(r)-m 

mM(7)numx'&>^. 
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